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~ Selection Guide 


OPERATIONAL AMPLIFIERS 
Parameters* 


[vos [ts | tos | tevos [sa __| 


Part 
Number Description 










Uncompensated 


LM108 Low Input Current Precision 15nV/°C FP 
LM108A Low Input Current and Offset Voltage Precision 5uVi°C aaa 
c | 









‘| Compensated 























VOLTAGE COMPARATORS 
Part Parameters* 
Number Description 









eo 
al 


Am1500 Dual! General Purpose , 
LH2111 Dual General Purpose 


Am6685 Ultra Fast ECL Output 
Am6687 Dual Ultra Fast ECL Output 


POWER SUPPLY CONTROLLERS 













+2 to 36V, 
| anv | toom | tom | 28890 | 
+2.7 to +7V, 


ans | +2.7 to +7V, Vou = —0.9V 
—2.7 to -7V Voi ~1.75V 
, +2.7to +7V, 






LM111 Genera! Purpose | amv | 100nA 


+2.7 to +7V, lo = 30mA 
—2.7 to -7V : 
+2.7 to +7V, 

~2.7 to -7V 

+2.7to0 +7V, 
-2.7to -7V 


VoL = -1.75V 








3mV 
4mV 
5mV 
2mV 
2mvV 
2mv 
3mvV 
2mvV 
3mV 
3mvV 













Parameters- 
Part 
Number Description AVaer/AlREr 





Am6300 Power Control Subsystem 37.5V 0.15% Vrer +5tor4ov | | 
Am6301 Switching Power Supply Controller 70mA 0.4%Vrer | +tto+30v | | 


*All specifications are limit values at 25°C unless otherwise specified. (T) indicates typical value. For a complete description of parameters, please refer 
to Glossary. 
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SELECTION GUIDE (Cont.) 


DATA ACQUISITION PRODUCTS 


* 
Part Parameters 


Number Description 









| 


12-Bit High-Speed Multiplying DAC 


P>1>|> > > clo 
3/3;3 3 3 =|> 
Dal D|D th ined =~10 
Ssislie Z 2 S16 
ol|N| sf g Rg ola 





Am6082 : 12-Bit High-Speed Complete DAC 
Am6108/Am6148 8-Bit Complete A/D Converter 


12-Bit Complete A/D Converter 


= 
ow 


Am6112 





3.3uS 


SAMPLE AND HOLDS 
Part Acquisition 
Number Description Time to .01% 


LF198 Monolithic Sample and Hold Gus Po 
Am6420 High-Speed 12-Bit Accurate Sample and Hold | sons | 


*All specifications are limit values at 25°C unless otherwise specified. (T) indicates typical value. For a complete description of parameters, please refer 
to Glossary. 
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pA148 
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pA311H 


pA311P 
HA339A 
pA339D 
pA339P 
pA348 


pA398 


AMD 


DAC-08AQ 
DAC-08CQ 
DAC-08Q 

DAC-08EQ 
DAC-08HQ 


LM108A 
LM108 
LM111 
AM1408L7 
AM1408L8 


AM1508L8 
LM308 
LM311 
LM118 


AM685 
AM687 


AMD 


DAC-08AQ 
DAC-08CQ 
DAC-08CN 
DAC-08Q 

DAC-08EQ 


DAC-08EN 
DAC-08HQ 
DAC-08HN 
AM1408L8 

AM1408N8 


AM1408L7 
AM1408N7 
AM1408L6 
AM1408N6 
AM1508L8 


LM108AH 
LM108H 
LM111H 
LM118 
LM139A 


LM139D 
LM139D 
LM148 
LF198 
LM207H 


LM208AH 
LM208H 
LM308AH 
LM308H 


- LM311H 


LM311N 
LM339A 
LM339D 
LM339N 
LM348 


LF398 


Hitachi 


HA17008 
HA17012 
HA17408 


Harris 


LF156 
LF356 
LM108A 
LM108 
LM118 


LM148 
LM308A 
LM308 
LM318 
LM348 


Intersil 


LH2101A 
LH2111 
LM108A 
LM108 
LM111 


LM139A 
LM139 
LM308A 
LM308 
LM3114 


LM339A 
LM339 


Motorola 


DAC-08 

DAC-08AQ 
DAC-08CP 
DAC-08CQ 
DAC-08EP 


DAC-08EQ 
DAC-08HP 
DAC-08HQ 
DAC-08Q 
LF155 


LF156 
LF355 
LF356 
LH2101A 
LH2111 


Motorola 


LM108A | 
LM108 
LM111G 


~ LM114L 


LM139A 


AMD 


DAC-08 
AM6012 
AM1408 


AMD 


LH2101A 
LH2111 
LM108A 
LM108 
LM111 


LM139A 
LM139 
LM308A 
LM308 
LM311 


LM339A 
LM339 


AMD 


DAC-08 

DAC-08AQ 
DAC-08CN 
DAC-08CQ 
DAC-O8EN 


DAC-08EQ 
DAC-08HQ 
DAC-08HN 
DAC-08Q 


LF155 


LF156 
LF355 
LF356 
LH2101A 
LH2111 


AMD 


LM108A 
LM108 

LM111H 
LM111D 
LM139A 


Motorola 


LM139 
LM148 
LM211G 
LM211L 
LM308A 


LM308 

LM311G 
LM311L 
LM311N 
LM339A 


LM339 
LM348 
MC1408L6 
MC1408L7 
MC1408L8 


MC1508L8 
National 


DACO800LAJ 
DACO800LCJ 
DACO800LCN 
DACO800LJ 

DACO801LCJ 


DACO801LCN 
DACO802LCJ 
DACO0802LCN 
DACO806LCJ 
DACO806LCN 


DAC0807LCJ 
DAC0807LCN 
DACO808LCJ 
DACO808LCN 
DACO808LJ 


LF155AH 
LF155H 
LF156AH . 
LF156H 


LF198H 
LF255H 
LF256H 
LF298H 
LF355AH 


LF355H 
LF355N 
LF356AH 
LF356H 
LF356N 


LF357AH 

LF398H - 
LH2101AD 
LH2101AF 
LH2101AJ 


LH2111D 
LH2111D 
LH2111F 


AMD 


LM139 
LM148 
LM211H 
LM211D 
LM308A 


LM308 

LM311H 
LM311D 
LM311N 
LM339A 


LM339 
LM348 
AM1408L6 
AM1408L7 
AM1408L8 


AM1508L8 
AMD 


DAC-08AQ 
DAC-08EQ 
DAC-O8EN 
DAC-08Q 

DAC-08CQ 


DAC-08CN 
DAC-08HQ. 
DAC-08HN 
AM1408L6 
AM1408N6 


AM1408L7 
AM1408N7 
AM1408L8 
AM1408N8 
AM1508L8 


LF155AH 
LFI55H © 
LF156AH 
LF156H 


LF198H 
LF255H 
LF256H 
LF298H 
LF355AH 


LF355H 
LF355N 
LF356AH 
LF356H 
LF356N 


LF357AH 
LF398H 
LH2101AD 
LH2101AF 
LH2101AD 


LH2111D 
AM1500DM 
LH2111F 








Industry Cross Reference 












National AMD National AMD PMI AMD 
























LM318D LM318D 

































































































































































































































































































































LH2414J LH2111D | PM308 LM308 
LH2201AD LH2201AD LM318F LM318F PM339 LM339 
; LM318H LM318H PM355 LM355 
ore sso LM318J LM318D PM356 LM356 
teStp ene LM318N LM318N SSS1408A-6Q SSS1408A-6Q 
LH2211F LH2211F LM319D_— LM319D SSS1408A-7Q SSS1408A-7Q 
LH2211J LH2211D LM319H LM319H SSS1408A-8Q SSS1408A-8Q 
nese cane tHeapRD LM319J LM319J SSS1508A-8Q SSS1508A-8Q 
LH2301AJ LH2301AD LM239J LM239D 
LH2311D _ LH2311D LM248D LM248D 
LH2311u LH2311D LM308AD LM308AD- 
LM108AD LM108AD LM308AF =—S——S—S—s«SL M08 
ROaKE EMAOBAE LM308AH LM308AH 
rHagean EMH OBAR LM308AJ LM308AD 
LM108Ad. LM108AD LM308AN LM308AN 
LM108D | LM108D LM308D LM308D 
LM108F - LM108F LM308F LM308F Raytheon AMD 
LM108H =—-—*—S ss LM108H pile ralpsntal | 
LM108J LM108D LM308J LM308D DAC-08 DAC-08 
LM141D LM111D LM3O8N LM308N DAC-08ADM DAC-08AQ 
LM111F LM111F LM311D LM311D DAC-08CBM DAC-08CN 
LM141H LM111F LM311F LM311F DAC-08CDM - DAC-08CQ 
Raadg . JEM LM311J LM311D DAC-08DM ° DAC-08Q 
LM118D LM118D LM339AD LM339AD DAC-08EBM DAC-08EN 
LM118F LM118F LM339AJ LM339AD DAC-08EDM DAC-08EQ 
LM118H LM118H LM339AN LM339AN DAC-08HBM DAC-O08HN 
LM118J LM118D LM339N LM339N DAC-08HDM DAC-08HQ 
LM119D LM119D LM348D LM348D . DAC-0O8CBM DAC-08CN 
LM119F LM119F LM348N LM348N LH2101A LH2101A 
LM119H LM119H LH2111 LH2111 
LM119J LM119D NEC LM108A LM108A 
LM139AD LM139AD ae LM108 LM108 
LM139AF LM139AF LM111 LM111 
LM139AJ LM139AJ LM118 LM118 
LM139D LM139D Plessey LM139 LM139 
LM139J LM139D LM148 LM148 
LM148D LM148D SP9685 AM685 LM311H LM311H 
LM208AD LM208AD a cd eNO? | 
LM208AF LM208AF Signetics AMD 
LM208AH LM208AH PMI AMD 
LM208AJ LM208AD LF198 LF198 
LM208D LM208D oe DAG te LF398 LF398 
LM208F LM208F DAC312BR AM6012DM LHO111 LH2144 
LM208H LMcOar) DAC312FR AM6012ADC LM108AF LM108AD 
LM211F LM211F DABIGeN AM6070DC LM108F LM108D 
DAC76EX . AM6070ADC iMioaT Taionid 
LM211H iver DAC78FX AM6070ADC LM111F Mada 
LM211J EMen0 DAC78GX AM6070DC IMiwiT [Mii4H 
TUBIEE | Gea De teee ie eno es LM119D LM119D 
LM218H LM218H Deeec: passa kino LM119T LM119H 
DAC-76EX AM6070ADC rMdSoE Teen 
LM218J LM218D DAC-76X AM6070DM M439 LMi39 
LM219D ieee DAC-86EX AM6072DC [M208AF i MoDBAD 
LM219F LM219F PM108A LM108A sie 
LM219H LM219H LM208AT LM208AH 
LM219J: LM219J pees | ae LM208F LM208D 
| EMIS2 LMiS9 LM208T LM208H 
LM239AD LM239AD PM155_ LM155 (Mo1aF vere 
LM239AJ LM239AD PM156 . LM156 Meda ee 
LM239D LM239D PM308A LM308A 
LM219D LM219D 
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Industry Cross Reference 


Signetics AMD Signetics AMD Texas Instruments AMD 





LM219H LM219H © NE5008N DAC-08EN SN52108AFA LM108AF 
LM239F LM239D ' NES009F DAC-08HQ SN52108AJA LM108AD 
LM308AF ~ LM308AD NES5009N DAC-08HN SN52108AL LM108AH 
LM308AT LM308AH SE5008F DAC-08Q SN52108FA LM108F 


LM308F LMdo8D SE5009F DAC-08AQ he eas EMICED 
LM3O8T LM308H SN52108L LM108H 
LM30BV LM308N SN52111FA LM111F 
AMD | 
LM311F LM311D oe SN52111J LM111D 


LM311T LM311H SN52111L LM111H 
TDA4700A AM6301PC SN52118FA LM118F 


LM311V _ LM311N | TDA4700 AM6301DC 


LM319A LM319N SN52118JA LM118D 
LM319D LM319D Silicon General AMD SN52118L LM118H 


LM319T LM319H SN72308AJA LM308AD 
LM339A LM339N SN72308AL LM308AH 


SG108AD LM108AD 
LM339F LM339D SG108AT LM108AH ee Eieo 


MC1408-6F AM1408L6 SG108D LM108D SN72308L LM308H 
MC1408-6N AM1408N6 SG108T LM108H SN72311J LM311D 
MC1408-7F AM1408L7 SG111T LM111H $N72311L LM311H 


MC1408-7N AM1408N7 SN72318JA LM318D 
SG139D LM139AD SN72318L LM318H 


MC1408-8F AM1408L8 SG308AT LM308AH 
MC1408-8N AM1408N8 SG308T LM308H 
MC1508-8F AM1508L8 $G311T LM311H 
NE5007F DAC-08CQ SG339AD LM339AD 


NES5008F DAC-08EQ 





Functionally Equivalent Only — 


National AMD 

















Analog Devices AMD AMD 





Signetics 


































AD558 AM6080 ADC0820 AM6108 NE5018 AM6080 
AD570 AM6108 ADC1280 AM6112 NE5019 AM6080 
AD574A AM6112 DAC0832 AM6080 NE5118 AM6080 
AD7524 ; AM6080 DAC1201 AM6012 NE5119 AM6080 
AD7574 - AM6148 DAC1220 AM6012 


NE5560 AM6301 





LM161 AM686 





Fairchild AMD 















Plessey AMD Siemens AMD 


pA760 AM686 













SP9754 AM6688 SDA5010 AM6606 





Harris AMD 










+ Silicon General AMD 
HA4950 AM686 
HA5320 AM6420 


HI5712 AM6112 











$G3524 AM6301 
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Am6080 


Microprocessor System Compatible 8-Bit High Speed Multiplying D/A Converter 


DISTINCTIVE CHARACTERISTICS 


@ 8-Bit D/A with 8-Bit input data latch 

@ Compatible with most popular microprocessors 
including the Am8086 and the Am2900 Families 
Write, Chip Select and Data Enable logic on chip 
DAC appears as memory location to mieroprocessor 
MSB inversion under logic control 

Differential current output 

Choice of 6 coding formats 


GENERAL DESCRIPTION 


The Am6080 is a monolithic 8-bit multiplying Digital-to-Analog 
converter with an 8-bit data latch, chip select and other convo! 
signal lines which allow direct interface with microprocessor 
buses. 


The converter allows a choice of 6 different coding formats. The 
most significant bit (D7) can be inverted or non-inverted under the 
control of the code select input. The code control also provides a 
zero differential current output for 2’s complement coding. A high 
voltage compliance, complementary current output pair is pro- 
vided. The data latch is very high speed which makes the 
Am6080 capable of interfacing with high speed microprocessors. 


Monotonic multiplying performance is maintained over a more 
than 40 to 1 reference current range. Matching within +1 LSB 


EQUIVALENT CIRCUIT 


LsB MSB CODE 
Dy Dy Dz D3 Dy Dg Dg D7 SEL V+ 
© O 


OATA LATCH 


BIT SWITCHES AND LADDER 


Vreri+) O 
Vrer(—1O 


COMP O 


LIC-061 


ORDERING INFORMATION* 
Temperature 
Range 


—55 to +125°C 
—55 to + 125°C 
—55 to + 125°C 
—55 to +125°C 


Oto +70°C 
0 to +70°C 
Oto +70°C 
Oto +70°C 
Oto +706°C 
0 to +70°C 


Order 
Number 


AM6080ADM 
AM6080DM 
AM6080ALM** 
AM6080LM** 


AM6080ADC 
AM6080DC 
AM6080APC 
AM6080PC 
AM6080ALC** 
AM6080LC** 


*Also available with burn-in processing. To order add suffix B 
to part number. 


Package 
Type 


Hermetic DIP 
Hermetic DIP 
Leadless 
Leadless 


Hermetic DIP 
Hermetic DIP 
Molded DIP 
Molded DIP 
Leadless 
Leadless 


Nonlinearity 


0.1% 
0.19% 
0.1% 
0.19% 


0.1% 
0.19% 
0.1% 
0.19% 
0.1% 
0.19% 


** Availability to be announced. 
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Fast settling current output —160ns 

Nonlinearity to +0.1% max over temperature range 
Full scale current pre-matched to +1 LSB 

High output impedance and voltage compliance 

© Low full scale current drift — +5ppm/°C 

@ Wide range multiplying capability -2.0MHz bandwidth 
© Direct interface to TTL, CMOS, NMOS 

© High speed data latch — 80ns min write time 


between reference and full scale current eliminates the need for 
full scale trimming in most applications. 


The Am6080 guarantees full 8-bit monotonicity. Nonlinearities as 
tight as 0.1% over the entire operating temperature range are 
available. Device performance is essentially unchanged over the 
full power supply voltage and temperature range. 


Applications for the Am6080 include microprocessor compatible 
data acquisition systems and data distribution systems, 8-bit A/D 
converters, servo-motor and pen drivers, waveform generators, 
programmable attenuators, analog meter drivers, programmable 
power supplies, CRT display drivers and high speed modems. 


CONNECTION DIAGRAMS - Top Views 
D-20-1, P-20-1 


e 
CODE SELECT 1 [| cope sEL v+|_] 20 PosITIVE POWER SUPPLY 


(MSB) Dy INPUT ig [_] 19 OUTPUT 
Dg INPUT lo [_] 18 OUTPUT 
Ds INPUT —[_] 17 NEGATIVE POWER SUPPLY 
COMP |_|] 16 COMPENSATION 
Vaer(—){_] 15 NEGATIVE REFERENCE ' 
Vrer(+) |_| 14 POSITIVE REFERENCE 
OD, INPUT DE [_} 13 DATA LATCH ENABLE 
(LSB) Op INPUT 


GND 10 [_ | GND cs [J 11 Cnip seLect 


LIC-062 


Pin 1 marked for orientation. 





03941B-ANA 





Am6080 
MAXIMUM RATINGS 


Operating Temperature Power Supply Voltage +18V 


Am6080ADM, Am6080DM é _ 
Am6080ALM, Am6080LM —55 to +125°C | Logic Inputs 5 to +18V 
Am6080ADC, Am6080DC Analog Current Outputs —12 to +18V 
Am6080APC, Am6080PC , 0 to +70°C 


Am6080ALC, Am6080LC Reference Inputs (V4q4 V45) —tovt 


Storage Temperature —65 to +150°C | Reference Input Differential Voltage (V14 to V45) +18V 
Lead Temperature (Soldering, 60 sec) 300°C | Reference Input Current (i144) 1.25mA 





ELECTRICAL CHARACTERISTICS 


These specifications apply for V, = +5V, V_ = —15V, IRer = 0.5mA, over the operating temperature range unless otherwise specified. 
tput characteristics refer to all outputs. ; 
Output characteristics refer puts Am6080A Ameoao 


Parameter Description Conditions Min. Typ. Max. Min. Typ. Max. Unit 


[_[Resoution | EP 
[monotonicity — 


Differential 
; 
. Vrer = 10.000V 
Full Scale Current © Ry4 = Ris = 20.000kQ : ; 2.008 
Ta = 25°C 
| cps s/c 
Output Voltage’ 
Compliance 
Full Scale izcgm lene 
Symmetry FS1 — 'Fs1 


Volts 


Reference Current 


Logic “1” 











Logic Input Current Vin = —5V to +18V 





Logic Input Swing 





Reference Bias 
Current 


Reference Input Ri4(eq) = 8000 } 30 | 





el ee 
BE 
Slew Rate CC = OpF rin 


V+ = +4.5V to +5.5V, V- = -15V 0. +0.0005 
V— = —13.5V to — 16.5V, V+ = +5V +0.0005 
Power Supply ¢ lREF = 0.5mA, Vout = 0V 


“ae 
=a 











Volts 














Power Supply 
Current 











+5V, V- = -5V 
Power 


Dissipation : —15V 
(Note 1) 








x 
x 


| 98 | 1 
| =7.4 | 
+15V, V—- = —15V 7 Be 
ae 
| 2se | 3 


+15V, V- = -15V 
Note 1: Derate Hermetic DIP 10mW/°C above 100°C, Plastic package 6.8mW/°C, Leadless 10mW/°C above 100°C. 
2-2 


Am6080 FUNCTIONAL PIN DESCRIPTION 


Symbol Function 


Do-D7 


Do-D7 are the input bits 1-8 to the input data latch. 
Data is transferred to the data latch when CS, DE, 
and W are active and is latched when any of the 
enable signals go inactive. , 


Chip Select — This active low input signal enables 


the Am6080. Writing into the data latch occurs only. 


when the device is selected. 


Write — This active low control signal enables the 
data latch when the CS and DE inputs are active. 


Am6080 


Data Latch Enable — This active low input is used 
to enable the data latch. The CS, DE, and W must 
be active in order to write into the data latch. 


CODE Code Select - When CODE SEL = 0, the MSB (D7) is 
SEL inverted and 1 LSB balance current is added to the 
Io output. 


VreF(+) Positive and negative reference voltage to the ref- 
Vrer(—) erence bias amplifier. These differential inputs allow 
the use of positive, negative and bipolar references. 


COMP Compensation — Frequency compensating terminal 
for the reference amplifier. 


los To These are high impedance complementary current out- 
puts. The sum of these currents is always equal to Irs 


FUNCTION TABLES 


DATA LATCH CONTROL 
Data Latch 


i 
Px [tached 
Pa tatenes 


X = Don't Gare 


AC CHARACTERISTICS 
Vi = +5V, V_ = —15V, IReg = 0.5mA, RL < 5000, CL < 15pF over the operating temperature range unless otherwise specified 


Parameter Description Conditions 


Notes: 1. 
2. 


3. 


fees Settling Time, All Bits Switched Ta = 25°C 


Settling to +¥2LSB 


Propagation | Eachbit | T, = 25°C 
Delay 


All bits switched 50% to 50% 


CODE SELECT 


CODE 
SEL Function 


ef oh MSB Inverted (Note 1) 
and: = % MSB Non-inverted 


Note 1. LSB balance current is added to the Ig output. 



















Commercial 
Temp. Grades 


Military — 
Temp. Grades 







tow is the overlap of W low, CS low, and DE low. All three signals must be low to enable the latch. Any signal going inactive latches the data. 

ts is measured with the latches open from the time the data becomes stable on the inputs to the time when the outputs are settled to within 
+1/2 LSB. All bits switched on or off. ; 
The internal time delays from CS, W and DE inputs to the enabling of the latches are all equal. 


TIMING DIAGRAM 


Ww 
(NOTES 1, 3) 


DATA 
(Dg-D7) 


output 'o 
(NOTE 2) j= 





KARR | ORXAAK 
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Am6080 
APPLICATION HINTS: Vace v- 


1. Reference current and reference resistor. 
There is a 1 to 4 scale up between the reference current (Iper) 
and the full scale output current (I¢s). If Vaee = +10V and Irs 
= 2mA, the value of the Ry, is: 







v- 


Am6080 


4x 10 Volt Ryg = wae 
Ry4 mA 20K. af Rise Ria 
‘ LIC-064 
2. Reference amplifier compensation. 
For AC reference applications, a minimum value compensa- 
tion capacitor (C.) is normally used. The value of this 
capacitor depends on R15. The minimum values to maximize 
bandwidth without oscillation are as follows: 
Reference Amplifier Output Voltage 
Frequency Response Compliance 


ALL BITS ON 


aie Wy Tt ] 
Table 2 1a 

Compensation Capacitor alle 
(Ics = 2mA, Iperf = 0.5mA) 


Rrer (kQ) Cc (pF) 








[v---sv] |_| 


LARGE SIGNAL +50% _ 


MODULATION OF 2mA 
FULL SCALE CURRENT 


SMALL SIGNAL +1% 
MODULATION OF 2mA _4 
FULL SCALE CURRENT 


a aie = —— 








RELATIVE OUTPUT — dB 
OUTPUT CURRENT — mA 

















-14-10-6 -2 2 6 10 14 18 
OUTPUT VOLTAGE -— VOLTS 


01 0.1 1.0 10 
FREQUENCY — MHz 





A 0.01,F capacitor is recommended for the fixed reference operation. ines 





_LIC-066 


Reference Amplifier Biasing 





LIC-067 


Reference Configuration Ri4 Ris Rin IREF 


a 


Negative Reference 01pF —Vp_/Rig 
(VR4/Ry4) + (Vin/Rin) 
Vv — Vin)/R 
(Note 1) (VR+ in)/R44 
on 


(Note 3) 
Notes: 1. The compensation capacitor is a function of the impedance seen at the +Vper input and must be at least C = 5pFX Ry4(eq) in 
kQ. For R14 < 8000 no capacitor is necessary. 
2. For negative values of Vjy, Va+/Ry4 must be greater than —V)j Max/Rjjy so that the amplifier is not turned off. 
3. For positive values of Vin, Va4 must be greater than Vij, Max so the amplifier is not turned off. 
4. For pulsed operation, V,_+ provides a DC offset and may be set to zero in some cases. The impedance at pin 14 should be 8002 or less 
and an additional resistor may be connected from pin 14 to ground to lower the impedance. 
























Lo Impedance Bipolar 
Reference 


Hi Impedance Bipolar 
Reference 


























Pulsed Reference (Note 4) (Va4/Ry14) + (Vin/Rin) 
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Am6080 


CODE SEL 


VREF(+) 
Am6080 
VREF(-) 





OPTIONAL 
(NOTE 1) 


OUT MSB LSB 


CODE FORMAT SEL D7 D6 D5 D4 D3 D2D1 DO 


Positive full scale 
Positive full scale ~ LSB 


Straight binary: one Zero scale ~ 


polarity with true input — 
code, true zero output. 


UNIPOLAR 
Positive full scale 
Complementary binary: Positive full scale - LSB 
one polarity with Zero scale 
complementary input 
code, true zero output. 


Positive full scale 
Straight offset binary: Positive full scale - LSB’ 
offset half scale, (+) Zero scale 
symmetrical about zero, (—) Zero scale 
No true zero output. Negative full scale - LSB 


i | 
SYMMETRICAL Negative full scale 


OFFSET 


1's complement: Positive full scale 

offset half scale, 5 Positive full scale -— LSB 
symmetrical about zero, (+) Zero scale 

no true zero output {Note 1) (—) Zero scale 

MSB complemented._ : Negative full scale - LSB 
(need inverter at D7) Negative full scale 


Offset binary: ; Positive full scale 
pact aiid & Positive full scale — LSB 
offset half scale, + LSB 
true zero output 0 
{ 
MSB complemented (Note 1) co 
remainesr aad 0 Io: Negative full scale + LSB 
ineed inverter at 07) Negative full scale 
Positive full scale 
2's complement: sla full scale — LSB 
offset half scale Zero scal 
true zero output Sten. 
MSE compremented: Negative full scale + LSB 
Negative full scale 


Note 1: An external inverter is necessary since the code select inverts the MSB and adds a 1 LSB balance current to Ig. Only one of these features is 
desired for this code. 


KK KK OK OOK KK OK OKO K KL KOK OK OK OK 


“=-c00d]lo00444-4 





COA09O4=4=l0D02 00-4 
eo2-00-=-l00-00-4 
©CO-900A-=|9DO4A FDO 
COHC90-==!l00200--4 
CO*~COAs|00-20 0-2-4 
O-42040-lo4nn cao = 


ADDITIONAL CODE MODIFICATIONS 
|. Any of the offset binary codes may be complemented by reversing the output terminal pair. 


Am6080 


SYSTEM APPLICATIONS 
Am9080A DATA SYSTEM 


ADDRESS BUS 


CHIP 
SELECT 
DECODER 












DATA BUS 






Do-Dy CODE 







Am9080A 
SYSTEM 


Am6080 


WRITING DATA INTO THE Am6080 (2’s Complement) 











































PORT 1 -EQU OOH OUTPUT PORT ADDRESS 
MOV A, M :GET DATA FROM MEMORY 
OUT 0 PORT1 ‘SEND DATA 
LIC-069 
Am2900 DATA SYSTEM: MULTIPLE ANALOG INPUTS 
DATA BUS 
COMMAND 
REGISTER 
Am25L$374 8 
DACK | 
JACK 
EOP 
» PROGRAM INSTRUCTION 1:8 
SEQUENCER DECODER MUX RDY 
(2) Am2911 Am29811A i. Am25S151 
CONTROL STORAGE 
(6) Am27S11 
256 x 24 PROM DoD, 
CODE Dpo-D7 
SEL 
Am6080 OUTPUT 1 
a = 
a DE e 
3 ’ ° ° 
9 — e e 
e e 
= e 
OTHER ; e ° 
oe : on ae 
RDY) e 
O 
lo— o 
3 O 
3:8 ioO— CODE Dp-D; . 
DECODER [O— EL d 
Am6080 OUTPUT 8 
7 = 
ce LIC-070 
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Am6080 





SYSTEM APPLICATIONS (Cont.) 


ANALOG/DIGITAL CONVERTER UNDER 
SOFTWARE CONTROL 


ANALOG — 
INPUT 





ADORESS 
DECODE 


READ 


O CONTROL 
LoGic 


DATA BUS 


LIC-071 


Am9080A SOFTWARE FOR A/D CONVERSION USING Am6080. 


SEQ SOURCE STATEMENT SEQ SOURCE STATEMENT 
0 PORT1 EQU 00H ;6080 A/O PORT ADDRESS 13 IN PORT3 ;INPUT FROM COMP 
1 PORT3 EQU 02H ;COMPARATOR ADDRESS 14 CRA A ;SET SIGN FLAG 
2 ORG 3E50H 15 JM NEXT ;IF SMALLER GO TO NEXT BIT 
3 START: LX! SP,STAKS~16 — ;INITIAL STAKS POINTER 16 MOV D,E SAVE RESULT . 
4 SAMPLE: CALL ADCON ;CALL A/D CONVERSATION 17 NEXT: MOV A,B ;GET NEXT TRIAL BIT 
5 JMP SAMPLE ;NEXT SAMPLE 18 RAR ;SHIFT RIGHT ONCE 
6 ADCON:  XRAA ‘CLEAR ACC 19 RC ;RETURN ON CARRY 
7 MOV D,A ;CLEAR D REG , 20 MOV B,A STORE TEST BIT 
8 STC ;SET CARRY 21 . ADDD ;ACCUMULATE RESULT 
9 RAR ;SET BIT 7 TO 1 22 JMP LOOP TRY NEXT BIT 
10 MOV B,A STORE TEST BIT AT B REGISTER =. 23: STAKS: DS 16 
11 LOOP: MOV E,A STORE TEST WORD 24 END START 
12 OUT PORT1 ;OUTPUT TO A/D 
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Am6080 


Instrumentation and Control 


Data Acquisition 

Data Distribution 

Function Generation 

Servo Controls 

Programmable Power Supplies 
Digital Zero Scale Calibration 
Digital Full Scale Calibration 
Digitally Controlled Offset Null 


Audio 


Music Distribution 

Digitally Controlled Gain 
Potentiometer Replacement 
Digital Recording 

Speech Digitizing 


APPLICATIONS 


Signa! Processing 

CRT Displays 

IF Gain Control 

8 x 8 Digital Multiplication 
Line Driver 


A/D Converters 


Ratiometric ADC 
Differential Input ADC 
Microprocessor Controlled ADC 


D/A Converters 


Single Quadrant Multiplying DAC 
Two Quadrant Multiplying DAC 
Four Quadrant Multiplying DAC 





METALLIZATION AND PAD LAYOUT 


Op Dy Dz Dz D4, Ds Dg 


9 8 7 6 5 4 3 

















Ee ——————— ———— I a 2 D, 
GNO 10 fo 9 
a2 mi mas eo 1 CODESEL 
cs 1 Eat 
W 1 fe ie 
20 vt 
DE 13 
oS 19 Ig 
Vrer (+) 14 
; | 
Veer (-) 15 18 Io 
a 16 #17 
COMP v- 


DIE SIZE: 0.083” X 0.121” 


Am6081 


Microprocessor System Compatible 8-Bit High Speed Multiplying D/A Converter 


DISTINCTIVE CHARACTERISTICS 


e 8-Bit D/A with 8-Bit input data latch 

e Compatible with most popular microprocessors including 
the Am8086 and the Am2900 Families 
Write, Chip Select and Data Enable logic on chip 


e DAC appears as memory location to microprocessor 
@ MSB inversion under logic control 

e Differential current outputs 

@ Output current mode multiplexer with logic selection 
@ 2-Bit status latch for output select and code select 

© Choice of 8 coding formats 


GENERAL DESCRIPTION 


The Am6081 is a monolithic 8-bit multiplying Digital-to-Analog 
converter with an 8-bit data latch, a 2-bit status latch, chip 
select and other control signal lines which allow direct inter- 
face with microprocessor buses. 


The converter allows a choice of 8 different coding formats. 
The most significant bit (D7) can be inverted or non-inverted 
under the control of the code select input. The code control 
also provides a zero differential current output for 2’s com- 
plement coding. A pair of high voltage compliance, duai com- 
plementary current output channels is provided and is 
selected by the output status command. The output multi- 
plexer also allows analog bus connection of several convert- 
ers, range or output load selection, and time-shared operation 
between D/A and A/D functions. The data and status latches 
are high speed which makes the Am6081 capable of interfac- 
ing with high speed microprocessors. The DE and SE contro! 
signals allow the data and status latches to be updated 


EQUIVALENT CIRCUIT 
LSB MSB CODE 
Do D1D203D405 Dg 07 SEL V+ 


HK: 


CODE 
DATA LATCH STATUS 
LATCH 
lo 
SITSWITCHES ANDLADDER | | 


OUTPUT 
STATUS 
LATCH 













OUTPUT 
MULTIPLEX 
SWITCH 













GND v~ OUTPUT SEL LIC-001 


ORDERING INFORMATION* 


Package Temperature — Order 
Type Range Nonlinearity Number 


Hermetic | _.,. . +.1% |AM6081ADM 
DIP 55°C to +125°C AM6081DM 
Hermetic AM6081ADC 
DIP me AM6081DC 

0°C to +70°C =! 
Molded +*.1% | AM6081APC 
DIP *.19% | AM6081PC 


*Also available with burn-in processing. To order add suffix B 
to part number. ; 














Fast settling current output — 200ns 

Nonlinearity to +0.1% max over temperature range 
Full scale current pre-matched to +1 LSB 

High output impedance and voltage compliance 

Low full scale current drift — +5ppm/°C 

Wide range multiplying capability ~2.0MHz bandwidth 
Direct interface to TTL, CMOS, NMOS 

Output range selection with on chip multiplexer 

High speed data latch — 80ns min write time 





individually or simultaneously. 


Monotonic multiplying performance is maintained over a more 
than 40 to 1 reference current range. Matching within +1 LSB 
between reference and full scale current eliminates the need 
for full scale trimming in most applications. 


The Am6081 guarantees full 8-bit monotonicity. Nonlinearities © 
as tight as 0.1% over the entire operating temperature range 
are available. Device performance is essentially unchanged 
over the full power supply voltage and temperature range. 


Applications for the Am6081 include microprocessor compati- 
ble data acquisition systems and data distribution systems, 
8-bit A/D converters, servo-motor and pen drivers, waveform 
generators, programmable attenuators, analog meter drivers, 
programmable power supplies, CRT display drivers and high 
speed modems. 


CONNECTION DIAGRAM 
Top View 
D-24-1, P-24-1 


e 
CODE SELECT CODE SEL V+ [|_| 24 POSITIVE POWER SUPPLY 
(MSB) D7 INPUT D7 OUT SEL [~ ] 23 OUTPUT SELECT 

Dg 102 [__] 22 OUTPUT 2 

Ds 102 [__] 21 output 2 

Dy 10; {_] 20 OUTPUT 1 

D3” _}19 OUTPUT 1 

Am6081 

v- [_] 18 NEGATIVE POWER SUPPLY 


D, INPUT COMP |_| 17 COMPENSATION 


(LSB) Do (INPUT 9] | Vrer(—-) |__] 16 NEGATIVE REFERENCE 


CHIP SELECT 10 [_] CS Vrer(+) [__] 15 POSITIVE REFERENCE 
SE ["_] 14 STATUS LATCH ENABLE 


GROUND 12 [_| DE {_]13 DATA LATCH ENABLE 


Note: Pin 1 is marked for orientation. LIC-002 
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Am6081 


Am6081 FUNCTIONAL PIN DESCRIPTION 


CODE Code Select — Input to the CODE SEL latch. The 


SEL latch is transparent when CS, SE and W are ac- 

Symbol! Function tive and is latched when any of the above signals 

cs Chip Select — This active low input signal enables go inactive. When CODE SEL latch = 0, the MSB 
the Am6081. Writing into the data or status latches (D7) is inverted and 1 LSB balance current is 
occurs only when the device is selected. added to the Io output. 

= OUT Output Select — Input to the OUT SEL latch. The 

DE Data Latch Enable — This active low inputis used SEL latch is transparent when CS, SE and W are ac- 
to enable the data latch. The CS, DE, and W must tive and is latched when any of the above signals 
be active in order to write into the data latch. go inactive. When the OUT SEL latch is low, the 

ae : channel 1 output pair (Io1, 193) is selected. When 

SE Status Latch Enable — This active high input is “the OUT SEL latch is high, the channel 2 output 
used to enable the status latches. The CS, SE, pair (Io, Top) is selected. 
and W must be active in order to write into the ey 
status latches. VreEF(+) Positive and negative reference voltage to the ref- 

ose VrEF(—) erence bias amplifier. These differential inputs allow 

Ww Write — This active low control signal enables the the use of positive, negative and bipolar references. 
data and status latches when the CS, DE, and SE . EQmMp Compensation — Frequency compensating terminal 
inputs are active. . for the reference amplifier. 

Do-D7 Dpo-D7 are the input bits 1-8 to the input data latch. lor, lor These high impedance current output pairs are 
Data is transferred to the data latch when CS, DE, lo2, lo2 selected by the output select latch. Io; and Io2 are 
and W are active and is latched when any of the true outputs and Io; and loz are complementary 
enable signals go inactive. _ Outputs. 

FUNCTION TABLES 
CODE SELECT AND 
DATA LATCH CONTROL STATUS LATCH CONTROL OUTPUT SELECT 
Ga te ye oe = CODE SEL and CODE OUT 
CS W ODE Data Latch Cc SE OUT SEL Latch SEL SEL Function 





MSB inverted (Note 1) 


Transparent 











Do] 0 | Tansparent 
[| tai 


MSB Non-inverted 


Latched 












pc [tated] 






X = Don't Care 





Latched 


Output Channel 1 
Output Channel 2 





o |= 
Rene 
ace 
eal Be 


Note 1. 1 LSB balance current is added to the To output. 


MAXIMUM RATINGS 


Operating Temperature = 
Am6081ADM, Am6081DM —55°C to +125°C 


Am6081ADC, Am6081DC 
Am6081APC, Am6081PC 0°C to +70°C 
—65°C to +150°C 


Storage Temperature ; 
300°C 


Lead Temperature (Soldering, 60 sec) 


GUARANTEED FUNCTIONAL SPECIFICATIONS 











: Resolution 
Monotonicity 


Power Supply Voltage +18V 
Logic Inputs —5V to +18V 
Analog Current Outputs -12V to +18V 
Reference Inputs (V45, Vi¢) V— to V+ 
Reference Input Differential Voltage (V15 to Vi6) +18V 
Reference Input Current (145) 1.25mA 

8 bits 

8 bits 
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ELECTRICAL CHARACTERISTICS 


Am6081 


These specifications apply for V; = +5V, V_ = —15V, Ipe¢ = 0.5mA, over the operating temperature range unless otherwise specified. 


Output characteristics refer to all outputs. 


Parameter att ok Conditions 


Straight coding/Sign Magnitude 
Straight coding/Sign Magnitude 


Differential 


Nonlinearity 











Vref = 10.000V 


Full Scale Current Ris = Rig = 20.000kN 


Ta = 25°C 





Output Voltage © 
Compliance 
Full Scale 
lrss Symmetry Iks1 ~ Tes1 oF Ips2 — Tes2 
Output Switch —_ _ >~- 
Sane Ies1 — Irs2 or les1 — lrs2 


Zero Scale Current 


Output Bisavle Output of mpx “Off’ Channels 
Current 

Refere’>. ‘o@ Current 
Range: V~— = —-15V 


Logic Loge “0” 


Input 
: 


Levels 


Logic Input CRTEnt: Vin = —5V to +18V 
Logic Input Swing V-— = -15V 


Reference Bias 
Current 
di/dt Reference Input Ri5(cQ) = 8002 
Slew Rate CC = OpF 


PSSlrs+ | Power Supply = +4.5V to +5.5V, V— = -15V 
ile Sensitivity = -13.5V to ~ 16.5V, V+ = +5V 


Power Suppl 
ss Ply InEF = 0.5MA, Voyt = OV 
= +5V, V- = ~5V 
Power Supply 
= +5V, V— = -15V 
Current 
V+ = +15V, V- = -15V 


= +5V, V- = -5V 
V+ = +5V, V— = -15V 
V+ = +15V, V- = -—15V 








rs 









Power 
Dissipation 


Am6081A 


Min. we. 


+.0005 


@ 
— 
© 


+0.1 


= 


+0.0005 
+0.0005 


Max. 


+0.19 


+.002 


+18 


sor | 210 ieee 


+1.0 


oO 
ai 





+18 


+0.01 
+0.01 


4 


_ 
nN 
[ev 


a 
Ny 


nN 
~ 
th 


Am6081 
2. Max. 





8/9: 


H 
mo) 
® 
o 


“Tas 
se 
cde [eee 


1.976 1.992 | 2.008 











[= zens zor | 
ie] eee oa 








Unit 






%FS: 


%FS 


mA 


oO 


| +10 | +40 | ppm/ 


Volts 


=r 
> 


Volts 


Volts 


Volts 


z 


; 3 
a (ed 





AC ‘CHARACTERISTICS 
Vi = +6V, VL = —15V, Ine = 0.5mA, RL < 500, CL < 15pF over the operating ne ee range unless otherwise specified 

















Commercial 
Temp. Grades 


Min. Typ. Max. 


Military 
Temp. Grades 


Parameter Description Conditions 


bat : : Ta = 25°C 
ee Settling Time, All Bits Switched Settling to +¥2LSB 


Propagation Ta = 25°C 
Delay All bits switched 50% to 50% 


= 25°C 
Output Switch Settling Time uA +1/2LSB of les 
Output Switch Propagation Ta = 25°C, 
Delay 50% to 50% 


H ton | Data Hold Time See timing diagram 
os Data Set i Time See timing diagram 








200 






= 
foe] 
Oo 











250 


150 300 joe 
| ns | 
| ns 
| ns 
| ns | 
| ns | 
| ns | 


Oo 
l 
@ 
oO 


. 


wo 
oa 


- 100 





Notes: 1. tpw is the overlap of W low, CS low, and DE tow. All three signals must be low to enable the latch. Any signal going inactive latches the data. 
2. tg is measured with the latches open from the time the data becomes stable on the inputs to the time when the outputs are settled to within 
+1/2 LSB. All bits switched on or off. 
. 3. tgy is the overlap of W low, CS low and SE high, all three signals must be active to enable the latch and any signal going inactive will latch 
the data. 
4. The internal time delays from CS, W, SE and DE inputs to the enabling of the latches are all equal. 


-70 


3 


8 


230 





TIMING DIAGRAM 


Ww 
(NOTES 1, 4) 


RRR XIN 





ouTPuT !o 
(NOTE 2) 75 


WwW 
(NOTES 3, 4) 


mnt RXR Rr] KRXKKKKENN 





ouTPuT 'o 
(NOTE 2) [5 


LIC-003 
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Am6081 


APPLICATION HINTS 


1. Reference current and reference resistor 
There is a 1 to 4 scale up between the reference current (Iper) 
and the full scale output current (Irs). If Vaeg = +10V and Irs , e 
= 2mA, the value of the Rj5 is: 


Am6081 


_ 4x10 Volt : mena 
Ris = pee 20KQ Rig = Fis 


LIC-004 





. Reference amplifier compensation 
For AC reference applications, a minimum value compensa- 
tion capacitor (Cc) is normally used. The value of this 
capacitor depends on R,5. The minimum values to maximize 
bandwidth without oscillation are as follows: 


Reference Amplifier Output Voltage 


Frequency Response Compliance 
Table 2 ALL BITS ON 


Compensation Capacitor 
(les = 2mA, IReF = 0.5mA) 











Rarer (k0) Co (pF) 





_2{| MODULATION OF 2mA 
FULL SCALE CURRENT 








OUTPUT CURRENT — mA 











RELATIVE OUTPUT — dB 








0 
~14~-10-6 -2 2 6 10 14 18 
0.1 1.0. 
OUTPUT VOLTAGE — VOLTS 
FREQUENCY — MHz LIC-005 LIC-006 


A0.01 mF capacitor is recommended for the fixed reference operation. 





Reference Amplifier Biasing 


= Am6081 


— 


LIC-007 





© (Vay — Vin)/ Ris 
(Note 1) (Neo 3) 


No . 


Notes: 1. The compensation capacitor is a function of the impedance seen atthe + Vref input and must be atleast C = SpF x Rys5eq) (ink). For 
Ris < 8000 no capacitor is necessary. 
2. For negative values of Vin, Va+/Ry5 must be greater than —Vjx Max/Rjy so that the amplifier is not turned off. 
3. For positive values of Vin, VR4 must be greater than V;jy Max so the amplifier is not turned off. 
4. For pulsed operation, Vai provides a DC offset and may be set to zero in some cases. The impedance at.pin 15 should be 
8002 or less and an additional resistor may be connected from pin 15 to ground to lower the impedance. 
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Am6081 


CODE SEL 


VREF(+) 
Am6081 


. VREF(-) 
Fis 


OPTIONAL 
(NOTE 1) 


ss 


out] con- OUT MSB 
necTions| OUTPUTSCALE {cei 7 06 Ds D4 D3 D2 D1 
a-e 1 


LIC-008 


Positive full scale 
Positive full scale ~ LSB 


Straight binary: one Zero scale 


polarity with true input 
code, true zero output. 


UNIPOLAR ; 
Positive full scale 
Complementary binary: Positive full scale — LSB 
one polarity with Zero scale 
complementary input 
code, true zero output. 


Positive full scale’ 
Signed magnitude binary: Positive full scale — LSB 
8 bits + sign reflected (+) Zero scale 
code, overlapping (—) Zero scale 
true zero output. Negative full scale - LSB 


Negative full k 
SIGNED egative full scale 


MAGNITUDE Positive full scale 


Positive full scale —- LSB 
(+) Zero scale 

(—) Zero scale 

Negative full scale - LSB 
Negative full scale 


| Complementary signed 
magnitude: 
8 bits + sign complementary 
reflected code, overlapping 
true Zero output. 


. Positive full scale 
Straight offset binary: Positive full scale — LSB 
offset half scale, (+) Zero scale . 
symmetrical about zero, (-) Zero scale 
no true zero output. Negative full scale - LSB 


Negative full | 
SYMMETRICAL gative full scale 


F: 
OFFSel 1’s complement: Positive full scale 


offset half scale, Positive full scale - LSB 
symmetrical about zero, (+) Zero scale 

no true Zero output (-) Zero scale 

MSB complemented. Negative full scale - LSB 
(need inverter at D7) Negative full scale 


. Positive full scale 
Offset binary: ied - 
Offset half scale, ry ewe 
true zero output 0 Zero scale 
MSB complemented (Note 1) : 
; — LSB 
remainder add to Io. 


i It scal 
(need inverter at D7) Nea . iE Stee 
Positive full scale 
Positive full scale - LSB 
+1LSB 
Zero scale 
-1 LSB 
Negative full scale + LSB 
Negative full scale 


2's complement: 
offset half scale 
true Zero output 
MSB complemented. 


«— «KK KK OK OK KKK OK KKK KK KK OK 


~4-c000 oooan464 
COCO4HAlOO0A 0048-4 
coHAn004=a|9o0=00--4 
CeoA70ceOs-a|00~c004-4 
COo-0COHAH4|00=00--4 
CoA0OH4f00-00-4 
e©ooA-c00H=+]o0=c00=--4 





Note 1: An external inverter is necessary since the code select inverts the MSB and adds a 1 LSB balance current to Ig. Only one of the two features 
is desired for these codes. , 


ADDITIONAL CODE MODIFICATIONS 


' 1. Any of the offset binary codes may be complemented by reversing the output terminal pair. . - 
2. The sign on any of the sign-magnitude codes may be changed by reversing the output terminal pair. 
3. The polarity of the unipolar codes may be changed by driving the opposite side of the balanced load. 
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Am6081 
SYSTEM APPLICATIONS 


Am9080A DATA SYSTEM: SEPARATE UPDATE OF DATA AND STATUS 


SELECT OUTPUT PORT 1 






































———— MVIA,2 _: SET STATUS TO 0 (SELECT OUTPUT 1) 
OUT 1 : SEND STATUS 
an MOV A,M_—: GET DATA FROM MEMORY 
SELECT OUT 0 : SEND DATA 
DECODER 
SELECT OUTPUT PORT 2 
a alla MVIA,3._: SET STATUS TO 1 (SELECT OUTPUT 2) 
OUT 1 : SEND STATUS 
Lamut Vane MOV A,M __: GET DATA FROM MEMORY 
SYSTEM ne BE Pope Gaps O0t on | Eres OUT 0 - SEND DATA 
Orcs 1 
= a Amos 2 SELECT OUTPUT PORT 2 AND 2's COMPLEMENT CODE 
iss | orn ne MVIA, 1 : SET STATUS TO 3 (OUTPUT 2, MSB COMP) 
OUT 1 : SEND STATUS 
MOV A,M — : GET DATA FROM MEMORY 


OUT 0 : SEND DATA LIC-009 


Am9080A DATA SYSTEM: SIMULTANEOUS UPDATE OF DATA AND STATUS 


ADDRESS BUS 


DATA BUS 


AmS080A CHIP CODE DoD; OUT. 

SYSTEM SELECT SEL SEL | OUTPUT 1 
DECODER 7 

_ Am6081 


OUTPUT 2 


+5V ca 


MOV A,M — : GET DATA IN ACCUMULATOR 


OUT 0 : OUTPUT DATA TO PORT 1, 2’S COMPLEMENT 

OUT 1 : OUTPUT DATA TO PORT 2, 2’S COMPLEMENT 

OUT 2 : OUTPUT DATA TO PORT 1, STRAIGHT BINARY 

OUT 3 : OUTPUT DATA TO PORT 2, STRAIGHT BINARY LIC-010 


Am9080A DATA SYSTEM: 8-BIT PLUS SIGN CONVERSION 


ADDRESS BUS 


7 







CHIP 
SELECT 
DECODER 


Ao 








- DATA BUS 





Am9080A 
SYSTEM 






+5V = =— 

MOV A,M — :. LOAD MAGNITUDE (8-BITS) 

OUT 0 : SEND POSITIVE CUTPUT 

OUT 1 : SEND NEGATIVE OUTPUT *  LIC-011 
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Am6081 
SYSTEM APPLICATIONS (Cont.) 


Am2900 DATA SYSTEM: MULTIPLE ANALOG OUTPUTS 


; . DATA BUS 


COMMAND 
REGISTER 
Am25LS374 




























DACK 
IACK 
EOP 
» PROGRAM pINSTRUCTION 1:8. 
SEQUENCER DECODER MUX RDY 
(2) Am2911 Am29811A Am25S151 
CONTROL STORAGE 
SF a4 PRO | 
256 x 24 PROM |_| DoD, 
a ee | 
DE SE OD? CODE OUT 
INSTRUCTION PIPELINE : W SEL SEL OUTPUT 1 
REGISTER 
ESISTE Am6081 
diz Zid OUTPUT 2 
a alan e 
a w 5 
> a 
Fs glo ° 
y Bicnemen : 
; e 
e 
OTHER e 
CONTROL 
e 
(DMARQ, 
INTRQ, DoD, ° 
RDY) - é 
io— ° 
3 Oo— 
3:8 O— SE Do-D7 CODE OUT - 
DECODER [O— SEL SEL OUTPUT 15 
= Am6081 
0 O OUTPUT 16 


LIC-01i 


Am6081 
SYSTEM APPLICATIONS (Cont.) 


D/A CONVERSION WITH 12-BIT DYNAMIC RANGE 


DIGITAL 


INPUT 
B11 Bip Bg Bg B7 Be Bs By B3 Bz By Bo 











WHEN THE UPPER 4 BITS, Dg-D14, OF 
THE 12-BIT CODE ARE ZERO, THE 
LOWER 8 BITS AND THE 1X SCALE 
ARE SELECTED. 












1A 2A 3A 4A 1B 2B 3B 4B 1A 2A 3A 4A 1B 2B 3B 4B 









s Am25LS157 s Am25LS157 


1¢ 2C 3¢ #4C 1c 2C «3C «#4c 








OUT SEL 










ANALOG 
OUTPUT 


RANGE INDICATOR 


LIC-013 





A/D CONVERSION WITH AUTO RANGING AND DIFFERENTIAL INPUT 


Vint Vin- 





DIGITAL 
OUTPUT 


CLOCK 


START 


COMMAND WHEN THE FIRST FOUR BITS CONVERSION 


RESULTS ARE ZERO, THE 1X SCALE 

1S SELECTED AND THE CONVERSION !S 
RESTARTED. THE START COMMAND 
RESETS THE CONVERSION TO 16X SCALE 


LIC-014 
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Am6081 
SYSTEM APPLICATIONS (Cont.) 


ANALOG/DIGITAL TRANSCEIVER WITH HARDWARE 
CONTROLLED SUCCESSIVE APPROXIMATION A/D CONVERSION 


ANALOG 
INPUT 








” AorAis ADDRESS BUS X 


Amg080A ADDRESS 
DECODE 
LoGic 

CODE OUT 

ol cs SEL SEL 


Am6081 















© 
& ; Dg-D7 102 : : 
ANALOG 
DATA BUS OUTPUT 
(NEGATIVE) 
HE TRISTATE 
READ BUFFER ; 
© CONTROL 
LOGIC 
of] é 
LIC-015 
ANALOG/DIGITAL TRANSCEIVER WITH 
SOFTWARE CONTROLLED A/D CONVERSION 
ANALOG 
INPUT 
AorAis ADDRESS BUS 
Am9080A ADDRESS 
E. 
LoGic 
RAL READ , 
O CONTROL 
DATA BUS 
LIC-016 
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SEQ 


0 PORT! 

1 PORT3 
2 PORT2 

3 

4 START: 

5 SAMPLE: 


Am6081 


Am9080A SOFTWARE FOR A/D AND D/A CONVERSION USING Am6081 


SOURCE STATEMENT 


EQU 00H 

EQU 02H 

EQU 01H 

ORG 3E50H 

LXI SP,STAKS—16 — ; INITIAL STAKS POINTER 
CALL ADCON ;CALL A/D CONVERSATION 
CMA 
CALL DACON ;CALL D/A CONVERSION 
JMP SAMPLE - ;NEXT SAMPLE 

XRA A _ CLEAR ACC 

MOVD,A  - ;CLEAR D REG 

STC SET CARRY 

RAR ,SET BIT 7 TO 1 

MOV B,A STORE TEST BIT AT B REGISTER 
MOV E,A STORE TEST WORD 

CMA 

OUT PORTI ;OUTPUT TO A/D 

IN PORTS ;INPUT FROM COMP 


SEQ 


18 
19 
20 
21 


23 
24 
25 
26 
27 


28 DACON: 
“29 


30 
31 
32 FILT: 


33 STAKS: 


34 


SOURCE STATEMENT 


CMA 

CRA A ;SET SIGN FLAG 

JM NEXT sIF SMALLER GO TO NEXT BIT 
MOV D,E SAVE RESULT 

MOV A,B ;GET NEXT TRIAL BIT . 
RAR . ;SHIFT RIGHT ONCE 

RC ;RETURN ON CARRY 
MOVB,A STORE TEST BIT 

ADD D “ACCUMULATE RESULT 
JMP LOOP TRY NEXT BIT 

OUT PORT 2 ;OUTPUT TO D/A 

MVI C,05H ;LOAD C REG WITH TIME 
DCR C TIME DELAY 

RZ ;RETURN 

RET 

DS 16 

END START 





ADVANCED MICRO DEVICES DATA CONVERSION PRODUCTS 


Digital to Analog Converters 


AmDAC-08 -— 8-Bit High Speed Multiplying D/A Converter. 


Am1508/1408 8-Bit Multiplying D/A Converter 


Am6070 8-Bit Companding D/A Converter for Control! Systems (u-law) 

Am6072 8-Bit Companding D/A Converter for Telecommunications (1-law) 

Am6080 — 8-Bit High Speed Multiplying D/A Converter System/Microprocessor Compatible 
Am6081 8-Bit High Speed Multiplying D/A Converter System/Microprocessor Compatible 
*Am6689 8-Bit, Ultra High Speed D/A Converter (ECL) 


*Am6012 12-Bit High Speed Multiplying D/A Converter 


Analog to Digita! Converters 


*Am6688 — 4-Bit Quantizer (Ultra High Speed A/D Converter) 


Successive Approximation Registers 


Am2502 — 8-Bit Successive Approximation R 
Am2503 — 8-Bit Successive Approximation R 


Am2504 — 12-Bit Successive Approximation Registers . 


Sample and Hold Amplifiers 


LF198/398 —Monolithic Sample and Hold Amplifier 
*Am6098 —Precision Sample and Hold Amplifier 


Comparators 
LM111/311 — Precision Voitage Comparator 
LM119/319 — Dua! Comparator 
Am686 — High Speed Voltage Comparator 
High Speed Operational Amplifiers 


Am118/318 — High Speed Operational Amplifier 
LF155/156/157 — JFET Input Operational Amplifiers 
LF355/356/357 — JFET Input Operational Amplifiers 


* To be announced. 
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egisters 
egisters 





Am6081 


instrumentation and Control 


Data Acquisition 

Data Distribution —- 

Data Transceiver 

Function Generation 

Servo Controls 

Programmable Power Supplies 
Digital Zero Scale Calibration 
Digital Full Scale Calibration 
Digitally Controlled Offset Null 


Audio 

Music Distribution 

Digitally Controlled Gain 
Potentiometer Replacement 
Digital Recording 

Speech Digitizing 


SE 14 
VREF(+) 15 





APPLICATIONS 


Metallization and Pad Layout 


Do Dy Dz Dz 04 Ds Dg 








. 16 17) «18 
VreF(-) COMP v— 


19 20 21 
10, 104 102 


DIE SIZE: 0.083” X 0.121” 
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Signal Processing 

CRT Displays 

Floating Point Analog Processors 
IF Gain Control 

Four Quadrant Multiplexer 

°8 x 8 Digital Multiplication 

Line. Driver 


A/D Converters 


Ratiometric ADC 

Differential Input ADC 

Multiple Input Range ADC 

Two .Channel ADC 
Microprocessor Controlled ADC 


D/A Converters 


Single Quadrant Multiplying DAC 
Two Quadrant Multiplying DAC 
Four Quadrant Multiplying DAC 
Two Channel DAC 

Multiple Output Range DAC 
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Am6082 


Complete 12-Bit Microprocessor Compatible DAC 
, PRELIMINARY DATA . 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


True 12-bit absolute accuracy with no external - The Am6082 is a true.monolithic 12-bit digital-to-analog 
adjustments converter that contains data latches, output op-amp, vol- 
Self-contained, no external components required tage reference, application resistors, and all trimming 
Internal latches for easy interface to 8-bit buses required for 12-bit absolute accuracy with no external 
Interfaces with 8-bit and 16-bit uPs : components. The data latches and control circuitry allow 
Ultra fast data latch eliminates timing problems the device to appear as a memory location to a micropro- 
High-speed cessor or computer system, while high-speed processing 
— 100ns settling time current output and design give 1/2 LSB voltage settling in less than 1s. 
— 500ns settling time voltage output 

True 12-bit performance-monotonic with 12-bit DNL 
over temperature : 

Output ranges: 0 to +10V, —5 to +5V 





The device is PROM-trimmed for offset, linearity, full- 
scale calibration and full-scale tempco at the factory. 


BLOCK DIAGRAM 


OUTPUT 


OP- AMP 
.sB . 
CORRECTION 
DAC 


pete] 2K 


-4LSB 
am ie ahem ial 


MSB 
CORRECTION 


© 
2) 
@ 
‘Oo 
(6) 
© 
@ 
©) 


(1) VReF-in 


Rin SK 


: (3) 
g @ 
REF-1N 
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ORDERING INFORMATION 


Order Package Temperature 
Number Type Range 
Am6082DM Hermetic DIP —55 to +125°C 


Am6082DC Hermetic DIP 0 to 70°C ANALOG POSITIVE rowen 
Am6082PC Plastic 0 to 70°C ANALOG NEGATIVE LY 


LOGIC POWER SUPPLY 
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Am6082 
MAXIMUM RATINGS (Above which useful life may be impaired) 





Storage Temperature —65 to +150°C 
‘Lead Temperature (Soldering, 60sec) : 300°C 
Logic Supply Voltage (VL pin) —0.5 to +6.0V 
Analog Positive Supply Voltage (V+ pin) —0.5 to +16.5V 
Analog Negative Supply Voltage (V- pin) +0.5 to —16.5V 
Analog Current Outputs (Vout, VAEF-oUT pins) : +25mA 
Digital, Status, and Analog Inputs (D9 — D7,.E, U/L, Vaer-in, IREF-IN, lout, RoFF, Re pins) “+5mA 


ELECTRICAL CHARACTERISTICS 
(V+ = 15V +5%, V- = —15V +5%, Vi = 5V £5%, Ta = 0 to +70°C) 


Parameters Description Test Conditions 


Resolution/Monotonicity et 
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Am6082 
ELECTRICAL CHARACTERISTICS (Cont.) 


(V+ = 15V +5%, V- = -15V +5%, V_ = 5V +5%, Ta = Oto +70°C) 
Parameters Description Test Conditions 


General Characteristics 


Analog Positive Supply Current 
Logic Supply Current 


Power Dissipation 


Pi- | Analog Negative Supply Current 


FUNCTIONAL PIN DESCRIPTION 


Do-D7 


Data Inputs 

LSBs 0 to 7 are loaded into the internal latches 
through Dp — D7 when U/L = 0. MSBs 8 to 11 are 
loaded by lines Dg—D3 when U/L = 1. 


Latch Enable Inputs 
Active low. 


Controls Loading of Internal Latches 

A write into the four MSBs is done first, then a 
second write of eight LSBs causes all twelv 
internal latches to be loaded. é 


The user should ground this pin, it is used for 
programming the DAC at the factory. 


DAC Current Output 
Clamped to a diode voltage bidirectionally from 


“analog ground. 


DAC Voltage Output 
An internal feedback resistor must be connected 
around the op-amp to produce a voltage output. 


A 5K Resistor to !ouT 
When connected to Vout the output voltage var- 
ies 0 to 10V. 


VREF-OUT 


VREF-IN 


IREF-IN 


ANALOG 
GND 


DIGITAL 
GND 


V+, V- 
VL 


A 2.5K Resistor to lout 
When connected to VreF-ouT it offsets the out- 
put by half scale. 


An Internally Developed Voltage Reference 
Tempco optimized to compensate for the internal 
DAC. 


DAC Reference Input 
2.5 volts in scales to 2.0mA output current. 


DAC Current Reference Input 
0.5mA in scales to 2.0mA output current. 


Analog Signal Ground Reference 

It should not be different from digital ground by 
more than +100mV. Up to 3mA flows in this 
ground. 


Logic Supply Ground 


13 to 16 volts in magnitude, filtered. 
Should be 4.5 to 5.5 volts. 
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Am6082 


. THEORY OF OPERATION 
The Am6082 is composed of two DACs, a MSB DAC with 15 


equal value current segments each worth 1/16 of the full scale . 


current, and an 8-bit binary LSB DAC. The upper 4 bits of data 
are routed to a ROM within the MSB DAC, which controls the 
number and physica! distribution of the segment currents used. 
The 4 MSB bits are also used to set up a correction code ona 
correction DAC, which injects a compensating current into 
lout to minimize output errors. In addition, the LSB DAC is 
PROM adjusted to interpolate accurately between adjacent 
MSB segment values. 


Since an 8-bit data bus is used to transfer 12-bits of code, two 
write cycles are required. The four MSBs are written into the 
MSB fatch using pins Do— D3 as data inputs when controls U/L, 
W and E are all LOW. The eight LSBs are loaded through pins 
Do— D7 when U/Lis HIGH and both W and E are LOW. The D/A 
output starts immediately on the second write. 


The output op-amp is specifically designed for fast settling in 
the inverting mode. When the Re feedback resistor is used, the 
op-amp functions as a current to voltage converter, converting 
the DAC output current to a voltage between 0 and 10V. Rorr 
is included to allow a bipolar (—5 to +5V) output. 


APPLICATIONS INFORMATION 


The Am6082 is a monolithic high speed digital-to-analog con- 
verter, with a current settling time of 100ns and a voltage 
settling time of under 1s to 0.01% of full scale. It contains 
an output op-amp, a precision voltage reference application 
resistors, it is trimmed for 12-bit absolute accuracy without 
the need for external components and allows easy interfacing 
to 8- and 16-bit microprocessors. 


Unlike most conventional 12-bit DACs, which are laser trim- 
med, the Am6082 is PROM trimmed at the factory for linearity, 
voltage offset, full scale tempco and gain. The internal preci- 
sion voltage reference and its tempco are also PROM trimmed. 
Since gain and offset are factory trimmed, no external adjust- 
ments are necessary. 


REFERENCE INPUTS 


An internal voltage reference is provided via the VREeF OuT pin. 
However, the Am6082 may also use an external voltage or cur- 
rent reference through the VreF In or IREF IN inputs respec- 
tively. VREF In is connected to IREF IN through an internal 5K 
resistor. The internal reference is used by connecting VREeF 
ouT (pin 17) to VREF IN (pin 16) to provide a 0.5mA reference 
current (see Figure 1). 


VOLTAGE OUTPUTS 


The Am6082 provides either a voltage or a current output. The 
current output may be taken directly from the lout pin, how- 
ever, if a voltage output is desired, the output op-amp is used 
with the on chip scale resistors to provide unipolar or bipolar 
outputs. 


Unipolar Operation is shown in Figure 1a. To operate the 
Am6082 in the voltage output range of 0 to 10V, connect the 
voltage output of the op-amp VourT (pin 21) to the feedback 
resistor Re (pin 20). The voltage reference output VReF OUT 
(pin 17) should be connected to the voltage reference input 
VREF IN (pin 16). 

In Bipolar Operation, the Am6082 may be operated with a +5V 
output by connecting the voltage reference output VReF OUT 
(pin 17) to both the reference voltage input VREF IN (pin 16) 
and to the offset resistor Rofr (pin 18). See Figure 1b. Tie 
Vout and Re together as before. 


GROUNDING CONSIDERATIONS 


Special attention should be paid to system grounding because 
digital signals can couple into the analog circuits and cause 
output errors. The Am6082 provides separate analog and digi- 
tal ground pins which should not be connected together at the 
chip. As a rule, provide separate ground returns for analog and 
digital circuits and connect all grounds together at one point, 
preferably at the power supply. This will minimize interference 
from ground currents. 
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INTERFACING 


The Am6082 will interface with most microprocessors with a 
minimum of decoding and timing logic. In most cases, the chip 
enable control E may be driven from an address decoder and 
the write control W may be connected directly to a ~P memory 
write or an |/O write pin (see Figure 2). 


Am6082 


TWO’S COMPLEMENT NOTATION 


The Am6082 may be operated with a two’s complement input 
format. This is accomplished by inverting the most significant 
bit, as shown in Figure 3. The exclusive OR of the MSB and 
the U/L contro! will give the correct result. 


Figure 1. 


a) Unipolar (0 to 10V Output) Operation 
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Figure 2. Microprocessor Interfacing 
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b) Bipolar (—5 to +5V Output) Operation 
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Figure 3. Two’s Complement Operation 
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Am6108 * Am6148 


Microprocessor Compatible 8-Bit A/D Converter 


DISTINCTIVE CHARACTERISTICS 


®@ ips conversion time 

Trimmed internal voltage reference 

0.1% nonlinearity 

Ratiometric operation 

Low operating voltages 

Internal matched gain, reference and offset resistors 

Microprocessor compatible 

3-state outputs 

Pin-programmable unipolar or bipolar two’s complement 

conversion 

e@ Conversion complete available as interrupt or as 
multiplexed output on data bus 

@ Available in slim, 24-pin, 0.3” and standard, 28-pin, 
0.6” packages , 


FUNCTIONAL DESCRIPTION © 
The Am6108 and Am6148 are microprocessor-compatible, 


-8-bit, high-speed, analog-to-digital converters. They include 


a precision reference, DAC, comparator, SAR, scale resis- 
tors, 3-state output buffers and control logic. The Am6108 is 
available in a standard .600-inch-wide, 28-pin package, and 
the Am6148 is offered in a space-saving, .300-inch-wide, 
24-pin package. The Am6108/Am6148 are capable of com- 
pleting an 8-bit conversion in under one microsecond and 
can handle input voltage ranges of 0 to +10V, 0 to +5V, 
and +5V without external components. With appropriate 
external resistors, the user can program the device to oper- 
ate on other input signal ranges (2 or 3 precision resistors 
are required). Full 8-bit monotonic performance with no 
missing codes is guaranteed over temperature. Both 
devices have 3-state outputs for bus compatibility and 
a status output. : 


The Am6108/Am6148 are useful in microprocessor-based 
systems or can be used in a stand-alone mode. The con- - 
version time is short enough to allow most microprocessors 
to accept data immediately after requesting a conversion. 
Applications include Analog I/O subsystems, process con- 
trol and servo-control. 


Am6108 EQUIVALENT CIRCUIT 
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THEORY OF OPERATION 


A conversion cycle in the Am6108/Am6148 begins by taking the 
S input low simultaneously with CS low and the CLK input low, 
this resets the Successive Approximation Register (SAR). When 
S is returned high, all bits of the SAR are ones with the exception 
of the MSB, whichis set to a zero. The output of the SARis fedtoa 
DAC that converts it to a current. The current from the DAC output 


is then compared with the current generated by the analog input 


voltage. Based on this comparison, the SAR either keeps the 
MSB as a zero or resets it to a one before beginning the next 
approximation. This process of successive removal and testing 
continues until all bits have been tested. At that time the conver- 
sion complete, CC, output goes low, and the Am6108/Am6148 is 
ready to output the data byte or begin a new conversion. 


Read operations in the Am6108/Am6148 are initiated by taking 
CS and R both low to enable the 3-state data outputs. On the 
Am6108 only, if D/ST is held low, then CC is output at D7 and 
Dg—Do are held disabled. This allows the processor to check 
the status of the converter to determine if the conversion is 
complete. When CS and R are both held low with D/ST high, the 
3-state outputs will not be enabled until CC goes low. When the 
3-state outputs are enabled there are two formats for reading 
data out of the Am6108/Am6148: two’s complement format is 
selected by holding CODESEL low during the read, and binary 
offset is selected by holding CODESEL high. Figure 1 shows the 
complete decoding of the Am6108/Am61 48 control lines. 


Am6108/6148 


The full-scale output current of the DAC is determined by the 
reference current supplied to the GAIN R and/or REF jy inputs of 
the Am6108/Am6148. The DAC full-scale output current is four 
times the reference current. The GAIN R input is a 2.5KOQ series 
resistor that will convert the 2.5V internal reference voltage into 
a 1mA reference current. The REFjy input, on the Am6108 only, 
allows the user to provide his own scaling resistor for determin- 
ing the reference current. 


Once the DAC reference current is set up, the Am6108/Am6148 
can be operated with either a unipolar or bipolar input signal. 
Two inputs are provided for unipolar operation, the Rij input has 
a 2.5KQ. resistor connected between it and the comparator sum- 
ming node. The Ro¢r input is identical to Riy, except the value of 
the resistor is 1.25KQ. The Rjy input is used alone for a unipolar 
input of 0 to +10V and the Ro¢r input is used alone for 0 to +5V 
signals. The bipolar operation of the Am6108/Am6148 requires a 
half-scale offset current to be supplied to the comparator sum- 
ming node. This can be accomplished by connecting the Rorr 
input to the Vr_er output, which produces a 2mA offset current to 
the comparator summing node. A —5 to +5V input signal can be 
applied at Ryn. A third input, +COMP, is connected directly to the 
comparator summing node. This allows the user to provide any 
external scaling networks desired for the Am6108 operation. 
This +COMP is not available on the Am6148. 


Figure 1. Am6108/ Am6148 Coritrol Signal Decoding 
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DEFINITION OF TERMS 


Resolution: The number of possible analog input levels an 
A/D will resolve. Expressed as the number of output bits, or 1 
part in 2" where n is the number of bits. 


Monotonicity (Missing Codes): Monotonicity is a property of 
the D/A within a successive approximation (S/A) A/D. Each in- 
crement in the digital code to the D/A is accompanied by an 
analog output that is greater than, or equal to, that of the pro- 
ceeding code. Monotonicity of the D/A is a necessary require- 
ment for a S/A A/D to have no missing codes. 


Differential Nonlinearity: The deviation between the actual 
code width of an A/D from the ideal code width. The code width 
is defined as the range of analog input value which produces a 
given digital output code. An ideal value of a code width is 
equivalent to FSR/2", where n is the number of bits. 


Linearity: The deviation of each individual code from an ideal 
straight line transfer curve between zero and full scale, with the 
straight line measured from the middle of each particular code. 


inherent Quantization Error: Quantization Error is a direct 
consequence of the resolution of the A/D. All analog voltages 
within a given range are represented by a single digital output 
code. There is, therefore, an inherent +1/2LSB conversion 
error even for a perfect A/D. 


Read Status (Am6108 Only) 
Outputs Three-stated 


xX Outputs Three-stated 
xX 


Read Data (Two's Complement Code) 
Read Data (Binary Offset Code) 


X = Don't Care 





Gain Error: Defined as the difference between the analog 
input levels required to produce the first and the last digital out- 
put code transitions. Gain error is a measure of the deviation 
between the actual gain from the ideal gain of FS-2LSB. 


Unipolar Offset Error: Difference between: the. ideal 
(+¥2LSB) and the actual analog input level required to produce 
the first digital code transition (00....00 to 00....01) over 
the complete temperature range. 


ee 


Bipolar Offset Error: Difference between the ideal (1/2FSR - 
1/2LSB) and the actual analog input level required to produce 
the major carry output digital code transition (from 01....11 
to 10.... 00). 


Power Supply Sensitivity: A measure of the change in gain 
and offset of the A/D resulting from a change in supply voltage. 
Usually expressed in total %FS for a percentage change in 
supply voltage. 


Conversion Time: The measure of how long it takes for the 
A/D to arrive at the correct digital output code. It is the time 
between the clock edge that starts a conversion after receiving 
a start command and the edge of the status line (CC) which 
signifies that the conversion is completed. 
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Am6108/6148 


CONNECTION DIAGRAMS 
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Standard, 0.6” Package  ABI-094 


FUNCTIONAL PIN DESCRIPTION 


Symbol! 
VREF 


GAIN R 


REFin 
(Am6108 
Only) 


Rin 


RoFF 


To 
(Am6108 
Only) 


—COMP 


_ Function 
‘Reference Voltage Output — The output of the 


internal, precision 2.5 volt reference. 


Reference Input Gain Resistor — A 2.5K©. resistor 
in series with the positive input of the DAC refer- 
ence amplifier. When 2.5 volts is applied to this pin, 
a 1.0mA reference current flows to the DAC. This 
produces a DAC full scale current of 4mA. 


Current Reference Input — This pin is directly con- 
nected to the positive input of the DAC reference 
amplifier. The DAC full scale output current is four 
times the reference current applied to this input. 


Analog Input Resistor — A 2.5KQ. resistor in series 
with the summing node at the noninverting input to 
the comparator. It converts the analog input vol- 
tage to a current for comparison with the current at 
the DAC !9 output. When the DAC has a reference 
current of 1.0mA, this input can be used alone for a 


"0 to +10 volt input range, or in conjunction with the 


Roee input for a —5 to +5 volt range. 


Input Offset Resistor — A 1.25KQ resistor in series 
with the summing node at the noninverting input of 
the comparator. When this input is connected to 
the 2.5 volt reference, a half scale offset current 
enters the Summing node. This allows a bipolar 
input range of —5 to +5 volts at the Rij input. The 
Ror pin may also be used as an analog voltage 


input for a 0 to +5 volt range. When Ror is not 


used, this pin should be connected to A GND. 


DAC Complementary Current Output — This output 
should be_tied to the digital ground. On the 
Am6148, Io is internally connected to digital 
ground. 


Comparator Inverting Input — Allows the user to 
add an offset voltage to null the system or as a 
zero reference. It may also be used as a high- 


impedance input, normally it is connected to analog 


ground. 


+COMP 
(Am6108 
Only) 


COMPEN- 
SATION 
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D/ST 
(Am6108 
Only) 


CODESEL Code Select — 


CLK 


Do-D7 
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D-24-SLIM 


Slim, 0.3” Package ABI-095 





Comparator Noninverting Input — This input allows 
the.user to add his own external scaling network to 
the summing node at the noninverting input of the 
comparator. 


Reference Amplifier Compensation — An external 
capacitor is connected between this pin and V- to 
provide frequency compensation for the DAC re- 
ference amplifier. 


Chip Select — Enables the Am6108/Am6148 for 
read and start conversion operations. 


Start Conversion — An active low input which re- 
sets the successive approximation register. When 
S is taken back high, the Am6108/Am6148 begins 
a conversion. 


Read — An active low input which enables the 
3-state outputs and allows data to be transferred 
from the Am6108/Am6148 to the processor. 


Data/Status Control — This input_determines 
whether the Am6108 outputs data, D/ST = logic 1, 
or a status bit, D/ST = logic 0, during a read oper- 
ation. The status bit which appears at output D7 is 
the same as the CC output. During a status read 
operation, data outputs Dg-Dg remain 3-stated. 
Status output at D7 is not available on the Am6148. 
A logic 1 on this input enables the 
Am6108/Am6148 to output data in binary offset for- 
mat, a logic 0 results in two’s complement format. 
Clock — A TTL level clock is used at this input to 
produce the internal timing of the Am6108/Am6148 
during a conversion. 

Conversion Complete — This active low output 
indicates the end of a conversion. 


Data Outputs — Eight 3-state outputs which are 


used to transfer data from the Am6108/Am6148 to 
the processor. 


Am6108/6148 


MAXIMUM RATINGS above which useful life may be impaired 








V~— to D GND +0.3 to —7.0V Voltage at Rin, RoFF . +12V 
Digital inputs to D GND —0.5 to +6.0V 
Max Input Current at REF iN _2mA 
















ELECTRICAL CHARACTERISTICS (these specifications apply for Vt = +5V + 5%, V7 = —5.2V + 5%, 
Vrer connected to GAIN R, 0°C < Ta < 70°C and focLock = 500KHz) 


Parameters Description Test Conditions Min Typ Max Units 
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Am6108/6148 
ELECTRICAL CHARACTERISTICS (Cont.) 


Parameters Description Test Conditions Min Typ Max . Units 
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APPLICATIONS INFORMATION 


The Am6108/6148 contains all the active components required 
to perform a complete A/D conversion. The device is specified 


over the complete temperature range and includes the effects 


of the on-chip voltage reference. 


Figures 2 and 3 show the Am6108/6148 used in unipolar and 
bipolar configurations. Gain and offset errors may be trimmed 
for optimum performance using external components (discus- 
sed later). The maximum offset error, unipolar and bipolar are 
specified as +1LSB and +2LSB respectively over the com- 
plete temperature range and in many applications would not 
require any trimming. 

Both Figures 2 and 3 show the Am6108/6148 configured as an 
I/O port. A conversion is started by performing a write opera- 
tion to the port address. The IOW line strobes the S input to 
start the conversion. Operating with a 10MHz clock, the 
Am6108/6148 will complete a conversion within 1sec; there- 
fore with many CPUs, a READ operation could occur im- 
mediately after starting the conversion and receive valid data. 
The Am6108/6148 requires a minimum of nine clock cycles to 
complete a conversion, which most microprocessors can meet 
fairly easily. However, if the Am6108/6148 is used with a 
slower clock, then a circuit similar to Figure 4 may be used to 
hold the processor in wait states during the read operation until 
the CC output goes low. — 


The status of the A/D (Am6108 only) can be interrogated via 
output D7 when D/ST = logic 0 during a read operation. During 
a status read operation data outputs Dog—Dg remain three- 
stated. The status output at D7 is not available on the Am6148. 


The data from the A/D converter can be read out using a nor- 
mal I/O read operation to the port address. The output code 
may be offset binary or two’s complement depending upon the 
logical state of CODESEL (logic 1 — offset binary, logic 0 — 
two’s complement). 


The Am6108/6148 may also be interfaced with a DMA control- 
ler for burst mode operation. Figure 5 shows the Am6108/6148 
interfaced. with the Am9517A DMA Controller. The DMA mode 
of operation begins with a software request for block transfer 
by the Am9517A. The Am6108/6148 begins a conversion each 
time it receives a request and holds the DMA controller in wait 
states until each conversion is complete. This cycle is repeated 
until a complete block of data has been transferred to memory. 


Unipolar Configuration (Figure 2) 


The Am6108/6148 is intended to have a nominal 1/2LSB offset 
so that the exact analog input for a given code will be in the 
middle of the code. If no trims are used, the Am6108/6148 is 
guaranteed to have +1LSB max zero offset error and +2LSB 
max gain error (0 to +10V full scale). If the offset trim is not 
required Rorr (pin 22 — Am6108, pin 19 — Am6148) should 
be connected to analog ground. The two resistors Ry and Ra 
and potentiometer Rg are then not needed. If the gain error (full 
scale) trim is not required, then resistor Rs should be removed 
and the analog input connected to Rij directly. The 1000 full 
scale adjust potentiometer R4 is not needed and Vref out is 
connected directly to GAIN R. When a 0 to +5V input range is 
required the analog input is connected to Rorr instead of Rin. 
Rin should be connected to analog ground in this application. 


Unipolar Calibration 


Connecting Rorr to Ry and Ro the initial offset error can be 
trimmed by R3. The first A/D transition (0000 0000 to 0000 
0001) should occur for an input level of +1/2LSB (19.5mV). 


Am6108/6148 


The gain error (full scale) trim is done by applying a signal 1 
1/2LSBs below the nominal full scale (9.94 for a 10V input 
range). Rq is trimmed to give the last transitions (1111 1110 to 
1111 1111). 


Bipolar Configuration (Figure 3) 


If the offset and gain errors are acceptable, one or both of the 
trimmers can be removed plus the 502 resistor R3. The analog 
input is applied directly to Rij and Veer out is connected to 
GAIN R and Roger directly. 


Bipolar Calibration 


Bipolar calibration is similar to unipolar calibration. First, a sig- 
nal +1/2LSB above negative full scale (—4.9805V) for the +5V 
input range) is applied to Rg and potentiometer Ry is trimmed 
to give the first transition (0000 0000 to 0000 0001). Then a 
signal 1 1/2LSB below positive full scale (+4.9941V) is applied 
and potentiometer Ro trimmed to give the last transition (1111 
1110 to 1111 1111). 


Offset and gain calibration can be more accurately trimmed by 
summing a small triangular wave voltage to the analog input 
signal, and the digital outputs monitored to determine the 
center point of the code transition. 


Driving the Am6108/6148 


TheAm6108/6148 is a successive approximation typo 

analog-to-digital converter. During the conversion cycle, the 

A/D input current is modulated by the DC test current at the 

A/D clock frequency. Thus, it is important to recognize that the 

signal source driving the Am6108/6148 must be capable of 
holding a constant output voltage under dynamically-changing 

load currents. Many operational amplifiers have closed-loop 

output impedance equal to the open-loop output impedance 

(usually a few hundred ohms) divided by the loop gain at the 

frequency of interest. At high frequencies, where the loop gain 

is low, the amplifier output impedance rises to its open-loop 

value. The output of the amplifier may return to its nominal 

voltage before the converter makes a comparison, so that little - 
or no error is introduced. However, many precision ampli- 

fiers have limited bandwidth, which recover very slowly from 

output transients. The use of wide-band amplifiers is recom- 

mended plus a unity-gain buffer included inside the amplifier's 

feedback loop. 


Supplying Decoupling and Layout Considerations 


The Am6108/6148 is built using a very high frequency bipolar 
process, it is very important that the power supplies be filtered, 
well regulated and free from high frequency noise. Switching 
power supplies are not recommended because of the switching 
spikes present. Decoupling of the supplies with 10uF tantalum in 
parallet with 0.1uF disc ceramic type capacitors is recom- 
mended. If the supplies are still noisy then further filtering can be 
achieved by inserting low value series resistors (metal film) be- 
tween the supplies and the decoupling capacitors. 


Circuit layout should attempt to keep analog circuitry of the 
Am6108/6148 and associated components as: far away from 
logic interconnections as possible. The analog ground (A GND) 
is the ground point for the internal reference, D/A converter and 
comparator and should be a “high quality” ground. In most 
cases, the A. GND and D. GND can be connected together at 
the package, but in some situations, the D. GND can be con- 


_ nected to the most convenient ground, and the A. GND to the 
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analog power return. 
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Figure 2. Am6108/Am6148 Unipolar Configuration 
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Figure 3. Am6108/Am6148 Bipolar Configuration 
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Figure 4. Am6108/Am6148 CC to Microprocessor RDY Interface 
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Figure 5. Am6108/Am6148 DMA Configuration 
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; ORDERING INFORMATION 
Order the part number according to the table below to obtain the desired package, and screening level. 


Package Type Operating Range Screening Level 
Order Number (Note 1) (Note 2) (Note 3) 


Notes: 1. D = Hermetic DIP. Number Aolowng letter is number of leads. 
2. C = 0 to +70°C. 
3. Level C-1 conforms to MIL-STD-883, Class C. 
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Applications and Design Hints 
Advanced Micro Devices 


INTRODUCTION 


The Am6108/6148 is a completely monolithic, high-speed, 
microprocessor-compatible analog-to-digital converter (ADC) 
that converts analog input signals into 8-bit digital output code 
in less than 1 microsecond. The digital output code is selected 
by the user as either 2’s complement or offset binary. Due to 
the high-speed conversion, “WAIT” states are no longer 
necessary for most microprocessor based data conversion/ 
acquisition systems or instrumentation. 


The Am6108 consists of an 8-bit digital-to-analog converter 
(DAC), a high-speed comparator, a successive approximation 
register (SAR), a 2.5V reference and control logic. The 2.5V 
reference is implemented utilizing the bandgap voltage of sili- 
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con. The digital outputs are three-state buffers with standard 
TTL levels for logic 1 and logic 0. This allows the user to con- 
veniently interface with the microprocessor data bus. 


internal scaling resistors enable the Am6108 to handle input 
signal ranges of 0 to +5V, +5V and 0 to +10V with the device 
operating at +5V and —5.2V. 


The Am6108 uses linear differential logic (LDL) to implement 
the switching functions. LDL is a non-saturating form of log- 
ic similar to emitter coupled logic (ECL), however, it offers 
higher performance with improved density since the logic cell is 
smaller. Compared to the ECL, LDL speed-power product is 
significantly lower. Level translators are used to achieve TTL: 
level compatibility at digital inputs and outputs. 
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Figure 1a. 
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Figure 1b. 
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DEVICE PERFORMANCE 


The Am6108 belongs to a class of converters known as the 
“successive approximation” type of ADCs. The successive ap- 
proximation method offers a wide range of speed (conversion 
time down to less than 1 microsecond) and resolutions of up to 
16 bits, and because it makes possible more cost-effective de- 
signs it has become the most popular A-D conversion 
technique. 


Am6108/6148 OPERATION 


Figure 1 (a) shows the block diagram of the Am6108 and 1(b) of - 


the Am6148. When the Chip Select (CS) and Start (S) inputs 
are LOW, the first negative going transition of the clock resets 
the SAR (Sp in the timing diagram of Figure 2). During Sg the 
Conversion Complete (CC) status line goes HIGH to indicate a 
conversion cycle, however, in order to start the active part of 
the conversion cycle, the S line must be taken HIGH. 


At Sy, the output of the DAC is compared with the analog input 
to determine the status of D7 (MSB). If the DAC output is great- 
er, the comparator output will switch and the result will be 
_ stored in the SAR as a logic “0” during So. Otherwise, the 
comparison will result in a logic “1” stored in the SAR. As 
shown in Figure 2, Dg status is also determined during So. This 
sequence is done successively from D7 (MSB) to Do (LSB). 


During Sg, the CC status line goes low to indicate that the con- 
version is completed and that the digital code representing the 
analog input is stored in the SAR. The Am6108/6148 conver- 
sion time takes nine clock periods; with a 10MHz clock, this 
means a 900-nanosecond conversion time. Data lines Do—D7 
are in the high-impedance state while the Am6108/6148 is 
doing a conversion. 


: SAR 
CONTENTS 


TABLE 1. Am6108/6148 FUNCTION TRUTH TABLE 


Control Logic Input Signals be eanieon 2 


CODESEL 








Outputs High Impedance 
Reset SAR 

Conversion Cycle 
Outputs High Impedance 
2's Complement Output 
Offset Binary Output 
Read Status* 










*Am6108 Only 


Table 1 illustrates the truth table associated with the control 
logic inputs. The READ STATUS function allows the CC to be 
examined via the D7 line while the other seven data bits are in 
the high-impedance state. When D7 is HIGH, the Am6108 is in 
the conversion cycle; a LOW means that data can be transfer- 
red or another conversion cycle can be started. The READ 
STATUS function on the Am6108 is established by the D/ST 
line going LOW during a READ cycle. 


After the conversion cycle, data may be read out of the SAR. 
Figure 3 shows the timing diagram of the Am6108 read cycle. 
CS, R, D/ST, and CODESEL are gated internally to control - 
both the data output and selection of desired binary output 
code (2's complement or offset binary). For example, to ob- 
tain the 8-bit data in 2’s complement form, the eee control 
line conditions must be satisfied: CS = LOW, S = HIGH, 
R = LOW, CC = LOW, D/ST = HIGH eine only,) and 
CODESEL = LOW. 


03748A-3 





Figure 2. Am6108/6148 Conversion Cycle. 
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Figure 3. Am6108 Read Cycle. 


DAC 


The DAC part of the Am6108/6148 is comprised of a reference 
amplifier, binary weighted current sources and current 
switches. The binary weighted current sources are im- 
plemented using the combination of R-2R resistor scaling. This 
technique, coupled with the use of diffused resistors, provides 
better than 8-bit accuracy without any trimming. 


The reference amplifier and a reference transistor form a reg- 
ulator circuit that sets the bias voltage at the bases of the cur- 
rent source transitors. The collector current of the reference 
transistor is established as Vagr/2.5KO (= 1mA). 


The current switches, driven by LDL logic signals from the 
SAR, use current steering logic in the collector of the current 
source transistors, to switch the bit currents. This technique 
and the efficient high-speed switching, reduces the settling time 
of the DAC. 


All the current sources are operated at the same emitter cur- 
rent density. To achieve this, the emitter areas are scaled. That 
is, the MSB current source actually has eight base-emitter 
junctions with a common collector but each emitter is termi- 
nated with a single resistor (R/8) to the negative supply vol- 
tage. Since the bit current sources have equal emitter current 
densities, they all have the same Vpe and are matched closely 
with the Vge of the reference transistor. This structure reduces 
the settling time of the DAC and minimized the glitching as- 
sociated with major carries. The changes in the magnitude of 
the bit current sources due to the variations of hre and Veg, 
exhibit excellent tracking over temperature, so that the transfer 
function of the ADC has no missing codes over the operating 
temperature range. 


COMPARATOR 


The essential requirements for a good comparator are low 
input offset voltage (Vas) for good resolution, fast response, 
low temperature coefficient of Vog and high input impedance. 
In a linear integrated circuit this is not easily achieved due to 
the design trade-offs of the parameters mentioned. 


The comparator section has basically three stages. The first is 
a differential input gain stage buffered by emitter followers. The 
second stage is a cross-coupled latch followed by another gain 
stage that also sets the proper voltage levels for driving the 
LDL circuits. Each gain stage of the comparator is biased at a 
current proportional to temperature, giving a resolution con- 
stant with respect to temperature variations. The voltage swing 
at the output of the comparator is only 200mV. This low-output 
voltage swing reduces the comparator’s overall gain require- 
ment for the required 8-bit resolution. Along with low-offset 
voltage and low-bias currents, the response time of the com- 
parator is less than 3ns for a 20mV (1/2LSB with 10V full-scale) 
overdrive. Even with a 5mV overdrive the response time is still 
typically 5ns. 


During the conversion cycle, the function of the latch is to hold 
the comparator output stable independent of the analog input. 
The clock’s positive transition enables the latch and transfers 
current from the input gain stage to the latch stage. The output 
stage responds with HIGH or LOW level, signifying the result of 
the comparison between analog input and DAC output. It is 
important that this result be stable during the process of storing 
it in the SAR. Among the advantages of comparator operation 
in the current-switch mode are; speed (transistor$S are in non- 
saturated operation), relaxation of common mode rejection re- 
quirements and better temperature tracking. 


VOLTAGE REFERENCE 


The voltage reference used in the Am6108/6148 utilizes an im- 
proved version of the basic bandgap reference. At wafer sort, 


_ resistor trimming is done by selectively blowing metal link fuses 
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to achieve a final voltage value of +15mV over temperature. 


Load regulation is 0.2% of Vref for loads from 1 to 5mA. Line 
regulation is also 0.2% for positive supply voltage change’ 
of +5%. ; 


Am6108/6148 IN SYSTEM ENVIRONMENT 


Since the. advent of microprocessor technology, the design of 
monolithic data converters (ADC or DAC) has been greatly in- 
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fluenced by their ability to be interfaced easily with as many 
different microprocessors as possible. In some applications, 
the conversion speed of the data converters must adapt to the 
speed of the microprocessor, or, in other words, the micro- 
processor cannot afford to “WAIT” for the data conversion to 
‘be done. Therefore, the data conversion time must be less than 
the microprocessor instruction cycle time to avoid WAIT states. 
This has made more efficient use of microprocessor time pos- 
sible and pushed the state-of-the-art in the monolithic design of 
data conversion ICs. For example, if an Am8085A-2 is used as 
the CPU operating at 4MHz with an ADC that has a conversion 
time of 5 microseconds as an I/O device, several WAIT states 
will be needed since valid data from the ADC will not be availa- 
ble during the time a valid RD. command is generated by the 
CPU. There are at least three possible actions to solve this 
problem. 1) make a faster ADC (pushing the state-of-the-art) 2) 
slow the CPU clock 3) introduce WAIT states to the micro- 
processor. Items two and three have basically the same effect 
of decreasing the throughput rate. The option chosen is deter- 
mined by the processing speed required. Thus, a trade-off is 
made between the introduction of WAIT states (to accommo- 
date the ADC conversion time) and the CPU clock rate. Refer 
to Figures 5 and 6 to see how the Am6108/6148 works in a 


ADDRESS 
’  DECODE 
LoGic 


§ ADDRESS BUS () 


microprocessor based system. The CPU clock is synchronized 
with the 10MHz ADC clock. 


Am6108/6148 with Am8085A-2 (f, = 4MHz; 
See Figures 5 and 6) 


The control signal ALE is inverted and gated with the decoded 
port address assigned to the Am6108/6148. With ALE LOW 
(active,) the first negative clock transition resets the SAR and 
sets CC HIGH to indicate the beginning of a conversion cycle. 
However, the Am6108/6148 does not start the conversion until 
after ALE has gone high. A valid digital code is not available 
until sometime during Sg. At this time CC goes low to indicate a 
conversion cycle being completed. 


For the Am8085A-2 to read the valid digital code, it must wait 
for the conversion cycle to be completed. Thus, CC is tied di- 
rectly to the READY line to introduce WAIT states to the mi- 
crocessor. This extends the RD signal and enables the mi- 
croprocessor to read valid digital codes only from the 
Am6108/6148. RD and CC are gated to latch the data from the 
Am6108/6148 to ensure that only valid data from the ADC is 
put on the bus. 


U DATA BUS , 


LE Am/74LS373 OE fO 
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Figure 5. Am6108/6148 Interfaced with Am8085A-2 Control Signals. 
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Figure 6. Am6108/6148 Conversion Cycle with 4MHz. Am8085A-2 
(with Wait States TWy, TWo, TW3). 


Am6108/6148 with Am8085A-2 (f, = 2MHz; 
See Figures 6 and 7) 


At 2MHz, the Am6108/6148 still runs at maximum clock fre- 
quency to fully exploit the high coversion rate of the device. 


Figures 6 and 7 show that both the conversion cycle and the 
microprocessor reading of the ADC’s data take 1.5 micro- 
second. In Figure 6 the CPU has a clock rate of 4MHz and, as 
a consequence, WAIT states must be introduced. In Figure 7 
the CPU clock rate is reduced to 2MHz and no WAIT states are 
introduced. The main difference between the two schemes is 
the CPU processing speed. 


The Am6108/6148 can convert and transfer data to the micro- 
processor with only an 1/0 READ command. In 8080/8085 
mnemonics, only the IN command is needed. The following 
sequence, which could be part of a main program, shows a 
way of accessing the Am6108/6148 and then storing the data 
in memory: 


LDXI_ H,xxxx_ ;Load register pair H and 
;L with HEX. 
;Value specified by xxxx. 
IN Port ;Load accumulator with 
;Am6108/6148 data. 
MOV (HL),A_ ;Move contents of 


;accumulator to memory 
;address pointed to by contents 
sof registers H and L. 


. In some applications, such as a sampled-data system, it 


might be required to obtain as much data as possible within 
1 millisecond. 


Focusing on the ways of implementing a solution, one method 
is CPU controlled transfer. The sequence of instructions above 
can be used, then a means of incrementing the contents of H 
and L registers is provided so that data is stored in.contiguous 
memory locations. If the CPU is running at 4MHz, it will be able 
to store a maximum of n bytes. 


1x 10-3 sec bytes 


ooo. =_:sq129 bytes 
MMax — (4347 +6 + 5) 250 x 10-9 sec >Y 
When the CPU clock is reduced to 2MHz, 
1x 10-3 sec 
NMax = = 71 bytes 


(10 + 7 + 6 + 5) 500 x 10-9 sec 


Notice that the difference between the denominators is due to 
the three WAIT states and the clock period. 


Another approach is a hardware implementation using the 
Am9517A multimode direct memory access (DMA) controller. 
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Figure 7. Conversion Cycle with Reduced CPU Clock (without Wait States). 


Am9517A Multimode DMA Controller — A Brief Description 


DMA is a means of transferring data between peripheral de- 
vices and system memory at a much faster rate than CPU- 
controlled data transfer. During data transfer, the CPU is basi- 
cally disabled, which means that the DMA controller has to 
provide all the signals to control the process. 


The Am9517A has four channels (DREQg—DREQ3) from 
which four peripheral devices may request service. Each chan- 
nel has four 16-bit registers (base and current address and 


base and current word count) and a mode register accessible ° 


via address lines Ag—Ag. The base registers allow the chan- 
nels to be automatically reinitialized at the end of a transfer. 
Auto initialization is selected by programming the mode regis- 
ter. Other internal registers are programmed to set the desired 
operations and options. 


Each of the four channels has four modes of operation selected 
via the mode register. Two of these are the single transfer 
mode and the block transfer mode. In the single transfer mode 
a word is transferred for each DMA channel request. Block 
transfer allows the Am9517A to make continuous transfer until 
the word count for the active channel goes to zero. 


*Z8002 is a trademark of Zilog, Inc. 


Am6108/6148 with Z8002* (16-Bit Microprocessor) 
and Am9517A (DMA) 


Figure 9 shows a method of interfacing the Am9517A and the 
Am6108/6148 to an Z8002 based system. Figure 10 corres- 
ponds to the timing diagram diagram. during a DMA transfer. 


The Am9517A is in the idle state (S1) until a valid DREQ is 
recognized. During this time, the Am9517A may be initialized. 
The DACK and DREQ lines may be determined to be active 
HIGH or active LOW by programming the command register. 
When an active DREQ line is sensed, the Am9517A generates 
an active HREQ (BUSRQ) to signal the 28002 that it wants to 
control the bus (address, data and control). The Z8002 re- 
sponds with an active BUSAK (HACK), relinquishing the control 
of the bus to the Am9517A. Once the bus is under the control 





of Am9517A, DMA transfer may proceed as defined by the 
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internal registers. 


As shown in Figure 9, DMA request is generated by hardware, 
although it can also be done by software. Active RESET and 
EOP force the DREQp input to go LOW, and CHo and XFER 
initiates a DMA request by setting DREQo HIGH. 
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Figure 9. Am6108/6148 under DMA Control. 


Figure 10 basically shows the hardware used to make the DMA 





transfer possible. DACKg, the response to an active DREQg, is: 


used to select the Am6108/6148 and enables the output data 
latch. MEMW is inverted to latch the data from the Am6108/ 
6148. DACKg is NAND-gated with IOR to start the conversion 
cycle, and the CC line is AND-gated with DACKg and con- 
nected to the Am9517A READY input to introduce a WAIT 
state (SW). 


The data transfer rate is 1/1.6us = 625kHz. Going back to the 
problem of obtaining as much data as possible in Imsec., 


1x 10-3 sec 


NMax 625 bytes 


1.6 x 10-6 sec 


As the number of bytes required is increased, the method of 
using DMA transfer becomes even more attractive. 


Am6108/6148 with AmZ8002 (16-BitP) and Z80 (8-BituP) 


Block transfers may be accomplished without the benefit of 
a DMA controller by the use of either the Z8002 or the 
Z80. These two microprocessors are attractive because their 
instruction sets allow the control of block transfers by a 
single instruction after the inialization of some.of the micropro- 
cessor internal resisters. These registers are equivalent to the 
address count and word count registers of the Am9517A DMA 
controller. 


*Z80 is a trademark of Zilog, Inc. 
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A way of interfacing with the Z80* is illustrated in Figure 12. 
!{ORQ and the Am6108/6148 CS lines are gated together to 
form the signal that starts a conversion cycle. The conversion 
cycle is initiated when the Am6108/6148 is selected (CS LOW) 
during Ty (first clock period) of the I/O cycle. The data latch 
(Am74LS373) output is enabled only when both CS and iORQ 
are active. Data from Am6108/6148 is latched at the end of the 
conversion cycle (CC LOW) when all 8-bits are valid. 


Block transfer may be accomplished using the following in- 
structions. The x represents an 8-bit number. 





LD B,x ;Load reg B with number of bytes(up to 
;256) to be transferred. 

LD C,x ;sLoad reg C with the 8-bit port 
;address of Am6108. 

LD HL,xx ;Load reg pair H and L with starting 
;address where block of data is to 
;be stored. 

INIR Transfer x bytes of data (specified 


;by contents of B-reg) from Am6108 
;into memory starting at location 
specified by contents of H and L reg. 


If the Z80 is running at 4MHz the throughput rate for the block 
transfer (excluding the register initializations) is 
1 


————_—— = 166.6kH 
24 (250 x 10-9) ane 
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Figure 10. DMA Transfer Timing Diagram (Wait State SWis Inserted by Am61 mee 48 CC Line). 


Data Transfer Rate = 625kHz. 


Three additional “WAIT” states are added during the I/O cycle 
as a result of tying the inverted CC line to the WAIT input line 
of the Z80. This is shown in the timing diagram of Figure 13. 





Interfacing with the Z8002 is somewhat more involved. If we 
assume that the RAM section is organized such that both 
byte-oriented and word-oriented transactions are accomo- 
dated, interfacing the Am6108/6148 with the Z8002 might be 
accomplished as shown in Figure 14. Data from Am6108/6148 
is steered into either the odd-address or even-address section 


of the RAM by the least significant bit (Ag). This allows for 
storing the 8-bit data in contiguous memory locations. Decod- 
ing of the status lines ST9—ST3 is done only once and the 
outputs are then available to all the other system elements. 


As shown in Figure 15, the conversion cycle starts during state 
T of the I/O cycle. The decoding of status lines STg—ST3 
produce the status signal IOR. AS latches the valid port ad- 
dress assigned to select the 6108 and also issues the start 





command. Like the 280, three additional WAIT states are in- 
serted by connecting the inverted CC line to the WAIT input 
line. Programming the Z8002 to do a block transfer is similar to 
that of the Z80, shown below. 


LD R7xx ;Load reg R7 with no. of bytes (up to 64K) 
sto be stored into RAM. 

LD Re,yy ;Load reg Rg with starting address. 
;where data is to be stored. 

LD Rs,port —;Load reg Rs with address assigned 
sto Am6108/6148. 

INIRB Rs,R¢6,R7_ ;Store xx bytes of data from Am6108 and 


;store it starting at memory location yy. 
where xx and yy represent 16-bit numbers 


Disregarding the register initalizations, the throughput rate 
(which includes the three extra “WAIT” states in the I/O cycle), 
is shown below. 


1 


———_—_———. = 307.6kH 
13 (250 x 10-9) sec Jie 


The two methods of CPU-controlled block transfer are tabu- 
lated with the other methods of acquiring data from the 
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Figure 12. Am6108/6148 
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TABLE 2. SAMPLED-DATA SYSTEM THROUGHPUT 


WITH Am6108/6148 
Throughput Rate 
Data Transfer Method (Max) 
Am8085A-2 at 4MHz 
3 “Wait” States Introduced 
Am8085A-2 at 2MHz 
Am9517A at 2.5MHz 
1 “Wait” State 
= Le 
307.6kHz 


INIR Instruction Used 

3 Extra “Wait” States 
CPU at 4MHz 

Am6108/6148. The Z80-controlled block transfer is limited to a 

maximum of 256 bytes per issue; the Z8002 is capable of 

handling groups of up to 64K bytes (Table 2). 





CPU Controlled 









Z80 Block 
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3 Extra “Wait” States 
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Interfacing with Z80. 


Am61 08/61 48 Application Note 


Am6108 
CLK 


Ag- Ay ; ; PORT ADDRESS 


(p 


03748A-11 





Figure 13. Am6108/6148 Conversion Cycle During 280 t/O Cycle. 
(TW* is Automatically Inserted by CPU). 
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Figure 14. Am6108/6148 Interfacing with AmZ8002 (16-Bit CPU). 
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Figure 15. Am6108/6148 Conversion Cycle During AmZ8002 I/O Cycle. 
(TWA is Automatically Inserted by the CPU). 


Error Budget with Sample and Hold 


For time-varying. analog input signals, and because the analog 
input must not change more than 1/2LSB while the conversion 
is going on, a sample (track) and hold (S/H) circuit may be 
needed at the ADC input. For example, if an ADC has relatively 
short conversion time of 1.0us and is required to convert a 
voltage signal that has a maximum change of 1V/ys, the input 
signal. will change by 1.0V during the conversion cycle. One 
requirement for accurate 8-bit conversion is that the input sig- 
nal should not change by more than 19.5mV during the con- 
version cycle, assuming an input signal range of 0 to 5V. 


A sample-hold circuit should only be used when necessary as it 
can introduce errors which tend to degrade the performance of 
the ADC. 


There is a maximum rate at which an input voltage signal to the 
S/H circuit can change. This limitation is related to the aperture 
time of the S/H and the amount of error to be tolerated in the 
digitizing process. This is expressed as 
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dVin = 
dt 


eVin(FS) 
ta 


where ta is the S/H aperture time and e is the allowable error. If 
the error is to be held as 1/4 LSB and ta is 5ns, then for a 5V 
full-scale range 


(1a) SNES) (1/4) 5V. 
Vin ‘= _ 2 = 0.976Vms 
dt ta 5x 10-9sec 


The aperture time for an ADC is its conversion time. Therefore, 
the Am6108/6148 has an aperture time equal to 900ns. If we 
substitute this value to the equation above, we find that dVijy/ 
dt = 5.3mV/us for a 5V full scale range and 1/4 LSB digitizing 
error. This means that if the analog input signal to be converted 
has a maximum change of 5.3mV/us, a S/H circuit is not 
needed. This is one of the advantages of a high-speed ADC. 
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Microprocessor Compatible 12-Bit A/D Converter 
PRELIMINARY DATA - 


DISTINCTIVE CHARACTERISTICS 


@ First totally monolithic, high-speed 12-bit ADC 
@ 3s typical conversion time 

@ Internal precision voltage reference 

© No missing codes 

e 

e 


Easy interfacing with 8- and 16-bit microprocessors 
Internal command register for programmable modes 


of operation 

Offset binary or two’s complement output code 
0 to 10V, or + 5V input range : 
24-pin package 


VReF ouT Var iN 


{-$2V) ¥- © 


ANALOG 6 
GND 


DIGITAL 
GND 


CLOCK | 
(CLK) 


CHIP SELECT | 
(es) 
COMMAND/ CONTROL 
Data (c/b) 9 Locic 


READ , 
(Fb) 


WRITE 
(WA) 


(ACK) 
ACKNOWLEDGE 


ORDERING INFORMATION 


Order the part number according to the table below to 
obtain the desired package, temperature range, and 
screening level. 


Order Package 
Number ' Type Range 
AM6112DC Hermetic DIP 0 to +70°C 


AM6112XC Dice 0 to +70°C 
AM6112DM Hermetic DIP 


Temperature 


—55 to +125°C 


FUNCTIONAL DESCRIPTION 


The Am6112 is the first fully monolithic microprocessor 
compatible 12-bit high-speed analog-to-digital converter. 
The Am6112 high-speed A/D contains a precision refer- 
ence, DAC, comparator, SAR, scale resistors, output 
three-state buffers and comprehensive control logic, 
enabling the device to be interfaced with a variety of 
microprocessors. The Am6112 is capable of completing a 
12-bit conversion in typically three microseconds and can 
handle input voltage ranges of 0 to 10V, and +5V without 
external components. 


The Am6112 has four modes of microprocessor operation, 
and a stand-alone mode. These modes are software pro- 
grammable, except for the stand-alone mode which is pin 
selectable. Applications include analog !1/O subsystems, 
servo-control and high-speed digital signal processing of 
analog events. 


Am6112 EQUIVALENT CIRCUIT 


COMPARATOR 


03-0, 


EIGHT DATA LINES ; 01910B-1 


CONNECTION DIAGRAM — Top View 


01910B-2 


Note: Pin 1 is marked for orientation. 
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Am6112 
MAXIMUM RATINGS above which useful life may be impaired 





























V+ toD GND —0.3 to +7.0V Voltage at Rin, Rorr +12V 
V-—toDGND +0.3 to —7.0V Open Collector Current 20mA 
Max Differential V+ toV— - +12V Operating Temperature Oto +70°C 
Digital Inputs to D GND —0.5to +6.0V Storage Temperature. —65 to +150°C . 
AGND to D GND +1V Lead Temperature (Soldering 60 sec) 300°C 
Vrer Max Output Current 15mA Minimum Operating Voltage 97V 
Max Input Current at REF\j 2mA Max Package Dissipation 1W 
Voltage at GAIN R, REF ij V— toV+ 





ELECTRICAL CHARACTERISTICS (these specifications apply for V* = +5V + 5%, V~ = —5.2V + 5%, 
VREF connected per connection diagram, Ta = 25°C, Foiock = 150kHz, 0 to + 10V input range, Rorr open, : 
stand-alone mode, unless otherwise stated) ie | 
‘ : 
d 


Parameters Description Test Conditions Min Typ . acme Mas : 















Transfer Characteristics 


Monotonicity 






Differential Nonlinearity 
Inherent Quantization Error 


Internal Reference, 
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a OG 
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Am6112 
ELECTRICAL CHARACTERISTICS (Cont.) 


Parameters Description . Test Conditions Min Typ Max Units 
Digital Outputs 


[togietavelouputvotegss [id 
[oupushonGrancwmet |S 
Fonsi Ouputcurent 
Pe 
fe ee ll 


" 





Vou 
Vor 
Isc 










SYSTEM TIMING 


Parameters 






















Description 









Conversion Time Rorr connected to Agnp or 
Vacr out (Bipolar) 


Rorr Open (Unipolar) 
CLK Low 


‘conv. 












tor 








tcH CLK High 

ese 
DEFINITION-OF.TERMS ~ 
Resolution: The numbér of pos: ible'a log input levels an A/D Gain Error: Defined as the difference between the analog input 
will resolve. Expressed a&, either the number of output bits, or 1 levels required to produce the first and the last digital output code 
part in 2n where'n is the number of bits. transitions. Gain error is a measure of the deviation between the 
Monotonicity (Missing Codes): Monotonicity is a property of | @Ctual gain from the ideal gain of FS-2 LSB. 


the DAC within a successive approximation ADC. Each incre- Unipolar Offset Error: Difference between the ideal (+ 1/2 
ment in the digital code to the DAC is accompanied by an analog LSB) and the actual analog input level required to produce the 
output that is greater than or equal to that of the proceeding code. first digital code transition (00....00 to 00....01) over the 


Monotonicity of the DAC is a necessary requirement for a suc-. complete temperature range. 

cessive approximation ADC to have no missing codes. Bipolar Offset Error: Difference between the ideal (1/2 FSR — 
Differential Nonlinearity: The deviation between the actual 1/2 LSB) and the actual analog input level required to produce the 
code width of an A/D from the ideal code width. The code width is major carry output digital code transition (from 01....11 to 
defined as the range of analog input which produces a given 10....00). 


‘digital output code. An ideal value of a code width is equivalent to Power Supply Sensitivity: A measure of the change in gain 


FSR/2N, where in is the number of bits. and offset of the A/D resulting from a change in supply voltage. 
Linearity: The deviation of each individual code from an ideal Usually expressed in total %FS for a percentage change in 
straight line transfer curve between zero and full scale, with the supply voltage. 


- straight line measured from the middle of each particular code. Conversion Time: The measure of how longit iakes forthe A/D 


Inherent Quantization Error: Quantization Error is a direct to arrive at the correct digital output code. It is the time between 
consequence of the resolution of the A/D. All analog voltages the clock edge that starts a conversion ‘after receiving a start 
within a given range are represented by a single digital output command and the edge of the status line (CC) which signifies that 
code. There is, therefore, an inherent +1/2 LSB conversion error the conversion is completed. 

even for a perfect A/D. 
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THEORY OF OPERATION 


The Am6112 is a fully »P-compatible programmable 12-bit A/D 
converter. The device is initialized by writing a 3-bit word into 
the internal command register via the bidirectional data pins 
Do—Dg; in this operation, bits Dy and Da configure the con- 


verter into one of four modes, while Do provides the choice of 
either offset-binary or two’s complement output code. A fifth 
‘mode is pin selectable and is a unique stand-alone mode 
in which the internal command register is programmed when- 


ever the control inputs READ (RD) and WRITE (WR) are 
LOW together. 


The Am6112 has the standard _«P peripheral control lines, 


CHIP SELECT (CS), WRITE (WR), READ (RD), plus one 


non-standard line, COMMAND/DATA (C/D). The C/D control 
qualifies both the read and write operations. It defines a write 
operation as either an initialization or an external start conver- 
sion command, and during read cycles it steers either the 
upper or lower data byte to the data outputs. 


Am6112 FUNCTIONAL PIN DESCRIPTION 
VreFOUT 
VreFiN 


2.5V internal voltage reference output. 


Connected to an external voltage reference 
(VREFOUT) to establish a reference current for 
the DAC bit currents. 


_ External reference current input for ratiometric 
operation. 


Analog voltage input. 


When connected to VagFOUT, 1/2 scale offset is 
generated to accomodate bipolar analog input 
signals. 


Three-state data lines. Dg—Do are bidirectional 
data lines, while D3— D7 are strictly output data 
lines. Data is loaded into the internal COMMAND 
register via Do — Da to select one of four modes of 
operation. Do— D7 are used to output the 8 LSBs 
(By —B7). Do— Dg are used to output the 4 MSBs 
(Bg — B11) of the 12-bit data, while D4 —D7 output 
the sign bit (By). 

Active low input used to reset the SAR and starta 
conversion cycle (Modes 0 and 3). This input line 
is also used to load_data into the command 
tegister along with C/D fine held high. 


IREFIN 


Rin 
RorF 


Do- D7 


Am6112 


The Am6112 requires an external clock (CLK) to control the 
conversion speed. The status output acknowledge (ACK) is 
derived from the internal Conversion Complete (CC) line, which 
indicates whether a conversion is in progress or completed. 


The Successive Approximation Register performs the 
analog-to-digital conversion by sequentially testing the effect 
of removing the bit currents (By; to Bg) of the D/A converter, 
which are all steered to the A/D summing node. The bit 
currents are binarily scaled versions of the reference current 
flowing into the D/A converter reference amplifier, and the 
voltage comparator decides whether the bit currents should be 
removed or retained. The reference current is obtained from the 
internal reference voltage source: using the scale resistor con- 
nected to VREFOUT. The Am6112 contains the necessary gain 
and range selection resistors enabling bipolar signals between 
—5V and +5V, and unipolar signals from 0 to +10V to be 
digitized. The device operates from +5 and —5.2V supplies. 





RD Active low input used to read the SAR data. SAR 
data is read in two bytes. The reading of the high 
byte (Bg—By1) or low byte is user_selectable 
except during Mode 2 via the C/D line (see 
Status Truth Table). 

c/D Used in loading the COMMAND register with an 
active WR or outputting the HIGH and LOW data 
bytes with an active RD (see Status Truth Table). 

cs Active low input allows the Am6112 tobe involved 
in 1/O operations (see Status Truth Table). 

ACK Open collector, active low output indicating the 
status of the Am6112. 

CLK Clock input synchronizing and controlling the 
operation of the Am6112. 

V+ +5V power supply input. 

V- —5.2 power supply input. 

AGND Analog ground. 

DGND Digital ground. 


Am6112 Control Signa! Decoding | 


STATUS TRUTH TABLE 


Control Logic Inputs 


Output Data Lines (D7— Do) in High Impedance State , 
Forced to STAND-ALONE MODE Operation 


Read 8 LSBs (Low Byte), Except in MODE 2 
Read 4 MSBs (High Byte), Except in MODE 2 
Start Conversion (MODES 0, 3 and Stand-Alone) 


| cs | > | wa | cD 
Feta nae (ei (ae 
a ae ee ee 
| oo | 1 | 8 | 1 | Witeinto Command Register to Select Mode of Operation | 
ine ee ee ie el ee 
pO Oe ee 
ee ee ee ee 
ead ea ee ee 


Start Conversion, MODE 1 








Am6112 
INITIALIZATION TIMING TABLE 


Number Parameters Description Min Typ Max Units 


(encs RD HIGH to CS LOW (RD Setup) | 10 | 
CS LOW to WA LOW (CS Setup) | 10 
WR HIGH to CS LOW (WR Hold) 


WR HIGH to C/D HIGH (C/D Hold) 


~_ C/DHIGH to WRHIGH (C/D Setup) 





INITIALIZATION TIMING DIAGRAM 


-~« 
— KXXKKKX) 
OX) 
mB AAR) 
(2) (3) (4) 
WR 
® ae 
— KXXXKXKXXXXKAKXAXAKAAAAKAKKAARAAAA? OXXXXXXXKKXKKKKKXKXKKKXRKKK MY 
€7B RRR KK RR) RRR RRR? 
@) 
XKKKXXK KKK KKK KKK KKK KKK KKK KK YY Pstasteoare XXX KK KKK KKK VYV/V/ XXKXXK KKK KK KKK XXX 
2° SSX, STABLE DAT ESN NNN! 
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Am6112 COMMAND REGISTER DECODING 


Mode/Coding Format Truth Tables 


Command 


Register Bits 
| D2 | Dy | 


Mode Description 
Offset binary output 


xX MODE 0 — Am6112 under microprocessor control. Conversion cycles started 


ESE Two’s complement output code (except stand-alone mode). 


‘by active WR. Internal status (CC) gated with RD and CS. 


MODE 1 — Am6112 under microprocessor control. Conversion cycles started 
_ byactive RD. Internal status (CC) gated with RD and CS. 


rl X MODE 2 — Am6112 under DMA control (such as the Am9517A). Conversion 





‘ cycles started by active RD. Data outputted as 8 LSBs first and 
then the 4 MSBs. Output data control is done internally and not 
accessible by the user. 





X MODE 3 — Am6112 under microprocessor control. Conversion cycles started 
by active WR. Internal status (CC) gated with CS only. 
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Am6112 


TEST CIRCUIT — Top View 
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Unipolar Configuration (Figure 1) 


The Am6112 contains all the active components required to per- 
form a complete 12-bit A/D conversion. Ali that is necessary, in 
most situations, is the connection of the power supplies (+5V and 
—§.2V), analog input, and conversion initiation command, dis- 
cussed later. The Am6112 has a nominal 1/2 LSB offset so that 
the exact analog input for a given code will be in the middle of the 
code. If no trims are used, the Am6112 has a typical zero offset 
error of +1/2 LSB, and gain error of +2 LSB. When no trims are 
required Ror should be left open for the best DNL specification 
(refer to accuracy versus DNL curve). If the gain error (full-scale) 
trim is not required, potentiometer Rq4 should be replaced with 
500 precision resistor matched to Rs. 


Unipolar Calibration 


Connecting Rorr to Ri and Ra, the initial offset error can be 
trimmed by R3. The first A/D transition (0000 0000 0000 to 
0000 0000 0001) should occur for an input level of +1/2 LSB 
(1.22mvV). 
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The gain error (full-scale) trim is done by applying a signal 1/2 
LSB’s below the nominal full-scale (9.9964V). R, is trimmed to 
give the last transition (1111 1111 1110 to 1117 1111 1111). 


Bipolar Configuration (Figure 2) 


If the offset and gain errors are acceptable, potentiometers Ry; 
and Ro should be replaced by precision 25 and 50 resistors 
respectively. 


Bipolar Calibration 


Bipolar calibration is similar to unipolar calibration. First, a signal 
+1/2 LSB above negative full scale (—4.9988V for the 
+5V input range) is applied to Rg and potentiometer R; is 
trimmed to give the first transition (0000 0000 0000 to 0000 0000 
0001). Then a signal 1 1/2 LSB below positive full-scale 
(4.9963V) is applied and potentiometer Ro is trimmed to give the 
last transition (1111 1111 1110 to 1411 1111 1111). 


Offset and gain calibration can be more accurately trimmed by 
summing a small triangular wave voltage to the analog input 
signal, and the digital outputs monitored to determine the center 
point of the code transition. ; 
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Figure 1. Am6112 Unipolar Configuration 
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Figure 2. Am6112 Bipolar Configuration 
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10uF = 0.1nF 
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APPLICATIONS INFORMATION 


Depending on the processor used and throughput rate required, 
the user can select up to five operating modes. 


In MODE 0, the conversion cycle is started by an active write 
(WR) and the next two read (RD) commands send the data out. 
The status of the command/data (C/D) line determines whether 
the output data consists of the eight LSBs or four MSBs. In this 
mode, as well as Modes 1 and 2, the ACK line reflects the ADC’s 
status during an active read period. For example, if conversion 
complete (CC) is high during the entire read period, ACK is also 
high. ACK can then be used to extend the I/O read cycle if 
desired. 


In MODE 1, a conversion cycle is started by an active read. 
Reading of the 12-bit data and the action of the ACK output is 
similiar to Mode 0. This mode is well suited to microprocessors 
“such as the Z80 and Z8000 which have data-block transfer as 
part of their repertoire. The first 12-bit data output is invalid in 
this mode because the conversion cycle does not start until the 
positive transition of the second read pulse. 


MODE 2 puts the A/D converter under contro! of a DMA con- 
troller such as the Am9517A. During DMA transfer, the micro- 
processor is disabled, and the Am9517A provides all the signals 
to contro! the conversion process. In Mode 2, the A/D converter 
internally controls the output of the data bytes. The first read 
signal sends out the 8 LSBs and simultaneously saves the four 
MSBs into aninternal latch. 


The LOW-to-HIGH transition of the first read initiates another 
conversion cycle. A second read cycle sends out the latched 
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MSBs at the same time the A/D converter is performing 
the next conversion. The ACK output is internally masked so 
that the conversion complete (CC) does not extend the second 
read cycle. 


MODE 3 is similar to Mode 0 except that the ACK line reflects 
the A/D converter’s true status. This difference in the decoding 
of the ACK line provides flexibility in the microprocessor hand- 
shaking. Although tying the ACK line to the microprocessor's 
Wait input pin might reduce throughput, by adding additional 
Wait states, it does guarantee full 12-bit conversion cycles. 


MODE 4 is a unique stand-alone mode, in which the internal 
command register is preprogrammed to operate with offset 
binary data output format. Mode 4 is programmed whenever RD 


- and WR are low together. This situation is an illegal state with 


any microprocessor-based system. 


In Figure 3, CS can be grounded at all times. Applying a start 
pulse to the WR pin initiates two events. First, because the 
pulse at RD is actually a delayed write signal, sometime after 
the start signal is applied, both RD and WR are low at the 
same time, and the Am6112 is forced to Mode 4 operation. 
Secondly, WR going high after this delay starts the A/D con- 
version cycle, as long as C/D is LOW. The data can be read as 
soon as RD returns low. The ACK line acts as a. conversion 
complete signal which provides a simple means of steering the 
data bytes to the data outputs. ACK is gated with WR so 
that C/D will always be low whenever a conversion cycle 
is required. 


Figure 3. Stand-Alone Mode 
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*Delay can be implemented with logic gates. 
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Am6112 
MODE 0 TIMING TABLE 


Number Parameters _ Description Min Max Units 


C/D LOW to WR LOW Setup el 
GS LOW to WR LOW Setup oe 


icine 

aa 

Bead 

0 
Ps [mah | WEIGH eStGHHs =| 
emcee [wre noon 
eel 
cis 
<a 
ho] 
ial 


aa + 50* 


esl 
=] 
-s0_| 
aes 
i ima 

i esl 
pe teow overeat | 
re | twicp | RONiGHwciBred ———SCSSCSC~C~‘idtCSY 
P| trom | AD LOwnoaGRHIGHDSay ———SC*dSCSCtidCia 
ris | tween | ROMO ACRLOW Dey i 
rie | ta-ormp | AbLOWnoDeiadeuy——SSSC*idCSC*‘idCC 
a 
a DO 


*Note: toLk = 1 Clock Period. 





_ MODE 0 TIMING DIAGRAM 
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4MSBs: . BLSBs 01910B-7 


$1 — Start a conversion cycle with an active WR. 


So — Read first data byte. The 4 MSBs become valid 6 clock < periods after CC goes high. Therefore, the 4 MSBs may be read during Sp while the 
conversion cycle is in progress. If conversion is done (CC going low) prior to So, then either the 4 MSBs or the 8 LSBs may be read first and the 
ACK signal during So and S3 is the same as during Sy}. If the conversion time is longer than S1 + So, then the ACK signal can be used to extend 
the active part of So. 


S3 — Read second data byte. 
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7 Am6112 
MODE 1 TIMING TABLE ; 


Number Parameters Description Min Typ Max Units 


es 

Oe 

a OS 

Ts | tence [CROC CCHIGHDORy Roe) 
con Comieontine i 
Pe | 
a 
cee 
a 
re 
fe] 


CS LOW to ACK LOW Delay 





*Note: to_k = 1 Clock Period. 






MODE 1 TIMING DIAGRAM 
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Sy — Start the first conversion cycle with an active RD. The 8 LSBs read are not valid. 


Se — Read the first valid 4 MSBs. The 4 MSBs become valid 6 clock periods after CC goes high. Therefore, the 4 MSBs may be read during 
So while the conversion cycle is in progress. If conversion ends prior to So, then either the 4 MSBs or the 8 LSBs may be read first 
and the ACK signal during Sa is the same as during S}. If the converison time is longer than Sa, then the ACK signal can be used 
to extend the active part of So, 


$3 and S; — Read the first valid 8 LSBs and start the next conversion cycle. 
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Am6112 
MODE 2 TIMING TABLE 


Number Parameters Description Min Typ Max Units 


ed 
ee 
8 
io | 













tcLk + 50° 


tSCH-AGKH CC HIGH to ACK HIGH Delay 
_TSGL-ACKL CC LOW to ACK LOW Delay 


tRH-AGKH RD HIGH to ACK HIGH Delay 
typ-ACKL Data to ACK LOW 


RD HIGH to Data Hold 


= 
Q 
o 


tRH-DTHLD 








RD LOW to Data Delay 


tRH—CGH RD HIGH to CC HIGH Delay (Note 1) 


tRL-DTDLY 


tcoLk + 50* 


RD HIGH 
RD LOW to ACK LOW 





*Note: tcik = 1 Clock Period. 






MODE 2 TIMING DIAGRAM 
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AYA YY YAY VIII III MIT 
‘ COXON Se aD, aS 
mh CREE P—@— I RRR 
at 8LSBs OUT 1st 4MSBs OUT 2nd LSBs OUT ‘. 2nd 4MSBs OUT 
1st 4MSBs LATCHED 2nd 4MSBs LATCHED 
INTERNALLY INTERNALLY 01910B-9 


S1.4 — Start first conversion with CS going LOW. First 4 MSBs are latched internally. First 8 LSBs are valid when CC goes LOW. Note that $4.4 cycle is 
extended by the insertion of wait states using the ACK signal. Second conversion starts after RD goes HIGH. 


$1.2 — Read first 4 MSBs. Note that this cycle is not extended. 
S2.1 — This cycle is similar to the $1.1 cycle. 
So.2 — This cycle is similar to the $1.2 cycle except that conversion cycles are inhibited after CS goes HIGH. 
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Am6112 
MODE 3 TIMING TABLE 


Number Parameters Description Min Typ Max Units 
WRLOW 

C/D LOW to WA LOW Setup 
CS LOW to WALOW Setup 


tWH-C/DL WRHIGH to C/D LOW Hold 


he 
| 5 | twats | WR HIGH to CS HIGH Setup 
po | 













WRHIGH to CC HIGH Delay (Note 1) 
Conversion Time , 
CS LOW to ACK LOW Delay 

CS HIGH to ACK HIGH Delay 
CSLOW to RD LOW Setup 
ce a 
C/DHIGH to RD LOW Setup 
P13 | taH-c/bH RD HIGH to C/D HIGH Hold 
CC LOW to ACK LOW Delay 
Pts | tet-prowy | RD LOW to Data Delay 
[16 =| tesH-pTHo | RD HIGH to Data Hold 
RD HIGH to CS HIGH 


*Note: tot = 1 Clock Period. 


al 

a 
x= 
t 
> 
oO 
A 
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aes 
: 
OKAY 


OOO 





LiNYSENE\__/ ARES 


AAALAAL 









c& 
(INTERNAL) 


AMSBs LSBs 01910B-10 


S$, — Start a conversion cycle with an active WR. 


So — Read first data byte. The 4 MSBs become valid 6 clock periods after CC goes high. Therefore, the 4 MSBs may be read during S2 while conversion 
cycle is in progress. If conversion is done (CC has gone low) prior to So, then either the 4 MSBs or the 8 LSBs may be read first and the ACK signal 
during Sz and Sg is the same as during S$}. If conversion ends during active part of Sp (CS low) ACK output is as shown above. If the conversion 
time is longer than S; + So, then the ACK output can be used to extend the active part of So. 


S3 — Read second data byte. 
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Am6112 | 
STAND-ALONE MODE TIMING TABLE 


Number Parameters Description Min Typ Max Units 
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oO 


tok + 50* 


ACK LOW to C/D LOW 











tRH-DTHLD 


*Note: tciK ='1 Clock Period. 
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S4 — Initialize Am6112 to stand-alone mode and start conversion cycle. 
So — Read valid 4 MSBs. 
S3 — Read valid 8 LSBs. 
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Microprocessor Interfacing 


The Am6112 provides a variety of interfacing options. For 
example, Mode 0 is suitable for microprocessor-based systems 
with low throughput and the conversion process is directly under 
microprocessor control. This approach results in a minimum of 
hardware. In operation, the microprocessor initiates a conver- 
sion and is then forced into a Wait state which prevents the 
processor from performing other tasks until the conversion is 


complete and the A/D converter’s data can be read. 


Am6112 with DMA in an 8-Bit System 


The 8-bit output data structure of the Am6112 enables it to be 
easily designed into 8-bit CPU systems. In minimum system 
configuration with DMA capability, the 8085 CPU programs the 
Am6112 to operate in Modes 0, 1, 2 or 3 (Figure 4). Except for 
Mode 2, the CPU controls the conversion cycles and the transfer 
of data, which can then be stored in the internal register for 


Am6112 


immediate processing or in system memory for the case of data 
collection. 


The ACK of the A/D converter is fed into the CONTROL LOGIC 
and controls the READY input of the 8085 and the Am9517A 

DMA controller. This is done to insert Wait states when the 

Am6112 conversion cycle is longer than the 8085 I/O instruction 
cycle. The ACK signal also controls the Am6420 Sample (track) 

and Hold (S/H) so that while it is HIGH the S/H is in the HOLD. 
mode, and when it goes LOW the S/H is set to the tracking or 
sampling mode. 


Whenever a DMA transfer is requested on channel 0, the 
Am9517A responds by setting the HREQ line HIGH to tell the 
8085 that it wants to control the bus. The microprocessor relin- 
quishes its control of the bus by making the Hold Acknowledge 
(HLDA) active. The microprocessor is then basically disabled, 
and the Am9517A provides all the signals necessary to control 
the DMA transfer process. 





Figure 4. Am6112 In Minimum 8-Bit System Configuration with DMA Capability 
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Am6112 data transfer may be controlled by CPU (mode 0, -1, -3) or by the Am9517 DMA controller (mode 2) for faster throughput rate. 
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Am6112 


The DMA controller has four channels (DREQg— DRE3) where 
four peripheral devices may request service. Each channel has 
four 16-bit registers (base and current address, and base and 
current word count) and a mode register accessible via address 
lines Ag—Ag. The base registers allow the channels to be au- 
tomatically reinitialized at the end of a DMA transfer, and DMA 
requests may be either hardware- or software-generated. 
Auto-initialization is selected by programming the mode register. 
Other internal registers are programmed to set the desired oper- 
ations and options. 


Among the Am9517 operating modes are two called Single 
Transfer and Block Transfer. In the Single Transfer mode, a word 
is transferred for each DMA request, while Block Transfer allows 
the Am9517A to make continuous transfer until the word count for 
the active channel goes to zero. 


High-Speed Analog I/O Processing 


Because the Am9517A cannot control the buses concurrently 
with the 8085 microprocessor, the microprocessor is idle while 
DMA transfer is in progress. For large data block transfers, this 
period can be very significant even though the transfer rate is 
extremely fast. 


The limitation associated with the shared-bus structured can be 
solved by dedicating a device, such as another microprocessor, 
to deal with the Am6112 and other I/O devices in conjunction with 
the main microprocessor. However, most general purpose 
microprocessor’s are not really suited for the task of I/O device 
control and processing will probably still need a DMA controller to 
provide DMA capability. 


A more powerful and attractive solution uses a dedicated device 
such as the Am8089 I/O processor (IOP). The Am8089 IOP 
contains two independent channels with high-speed DMA capa- 
bility, and its instruction set is extensively |/O-oriented. The bus 
organization of the IOP is flexible so that data transaction is 
possible between 8-bit organized 1/O devices and 16-bit wide 
memory or vice versa. 


Figure 5 illustrates such a system architecture for high-speed 
analog |/O processing. Before being able to perform I/O tasks, 
the Am8089 must be initialized by the Am8086/88 micro- 
processor, configured in MAXIMUM mode. The system bus is 
separated from the local bus to allow for parallel processing, and 
the lOP’s channel program may reside in the local memory space 
to further reduce system bus contention. The Am6112 may be 
initialized by the IOP, and data transactions from the Am6112, 
Am6082 and local memory is then confined by the Am8089 to the 
local bus. DMQ; and DMQz are DMA request lines associated 
with the Am6112 and the Am6082. DMA transfers may be termi- 
nated externally via EXT; and EXTo. 


High-Resolution System Design Guidelines 


The design of high-resolution or low-level analog/digital systems 
must include a thorough analysis of conditions that can degrade 
overall system accuracy. Consider the source impedance of the 
device driving the input of the Am6112. The input impedance of 
the converter is modulated during the conversion cycle because 


currents of different values appear at the node where the ADC 
‘presents itself as aload to the S/H device. The output impedance 


of the S/H must be sufficiently low at all operating frequencies to 
avoid errors and, in addition, the S/H device output must settle to 
the required voltage level before a bit current comparison can be 
made. This means that the output transient response of the S/H 
must be able to cope with the 1/2 clock period settling time 
requirement for each bit current comparison. 


Additional system errors can be caused by improper placement of 
the circuit components. Analog and digital components must be 
isolated from each other with lots of ground plane. Analog circuits 
must be as close together as possible to make the signal paths as 
short as possible. Ground loops within the analog section must 
be avoided. 


Figure 5. High-Speed Analog I/O Processing 
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Separate local bus for the analog I/O devices allows for high throughput without sacrificing CPU capabilities. Am8089 does all 1/O related routine in parallel 
with CPU tasks and eliminates system bus contention due to I/O servicing. 
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DATA CONVERSION PRODUCTS 








Data Acquisition Products — Section Ill 


DAC-08 
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DAC-08 


8-Bit High Speed Multiplying D/A Converter 





Distinctive Characteristics 


@ Fast settling output current — 85nsec 

® Full scale current prematched to +1.0 LSB 

@ Direct interface to TTL, CMOS, ECL, HTL, NMOS 
@ Nonlinearity to +0.1% max over temperature range 
@ High output impedance and compliance 


—10V to +18V 


Differential current outputs 
Wide range multiplying capability 
1.0MHz bandwidth 
Low FS current drift — £10ppm/°C 
Wide power supply range — +4.5V to +18V 
Low power consumption — 33mW @ +5V 


GENERAL DESCRIPTION 


‘The DAC-08 series of 8-bit monolithic multiplying Digital- 
to-Analog Converters provide very high speed performance 
coupled with low cost and outstanding applications flexibility. 


Advanced circuit design achieves 85 nsec settling times with 
very low “glitch’’ and a low power consumption. Monotonic 
multiplying performance is attained over more than a 40 to 1 
reference current range. Matching to within 1 LSB between 
reference and full scale currents eliminates the need for full 
scale trimming in most applications. Direct interface to all 
popular logic families with full noise immunity is provided by 
the high swing, adjustable threshold logic inputs. 


High voltage compliance dual complementary current outputs 
are provided, increasing versatility and enabling differential 
operation to effectively double the peak-to-peak output swing. 
In many applications, the outputs can be directly converted to 
voltage without the need for an external op amp. 


All DAC-08 series models guarantee full 8-bit monotonicity, 
and nonlinearities as tight as 0.1% over the entire operating 
temperature range are available. Device performance is essen- 
tially unchanged over the +4.5V to +18V power supply range, 
with 33mW power consumption attainable at +5V supplies. 


The compact size and low power consumption make the 
DAC-08 attractive for portable and military/aerospace applica- 
tions. All devices are processed to MIL-STD-883. 


DAC-08 applications include 8-bit, 1.0usec A/D converters, 
servo-motor and pen drivers, waveform generators, audio 
encoders and attenuators, analog meter drivers, programmable 
power supplies, CRT display drivers, high speed modems and 
other applications where low cost, high speed and complete 
input/output versatility are required. © 
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DAC-08 
MAXIMUM RATINGS (Ta = 25°C Unless Otherwise Noted) 














Operating Temperature V+ supply to V—- Supply ; 36V 

~ DAC-08A0Q, Q, AL, L —55°C to +125°C —_—_Logic Inputs V— to V+ plus 36V 
DAC-08EQ, CQ, HO, EN, CN, HN OCto+70°C Vic ©... to VF 
Storage Temperature —65°C to +150°C Analog Current Outputs See. Fig. 12 
Power Dissipation 500mW ~~ Reference Inputs (V14, Vis) V—to V+ 
Derate above 100°C 10mw/C Reference Input Differential Voltage (V14 to V45) £18V 
Lead Temperature (Soldering, 60 sec) 300°C Reference Input Current (144) 5.0mA 





ELECTRICAL CHARACTERISTICS (Vs = #15V, Iper = 2.0mA) 
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BASIC CONNECTIONS 
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Figure 1. Basic Positive Reference Operation. Figure 2. Recommended Full Scale Adjustment Circuit. 
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Figure 3. Basic Negative Reference Operation. Figure 4. Basic Unipolar Negative Operation. 
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Figure 5. Basic Bipolar Output Operation. Figure 6. Symmetrical Offset Binary Operation. 
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BASIC CONNECTIONS (Cont.) 
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Figure 7. Positive Low Impedance Output Operation. 
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Figure 9. Interfacing With Various Logic Families. 
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Figure 11. Accomodating Bipolar References. 
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Figure 8. Negative Low Impedance Output Operation. 
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Figure 10. Pulsed Reference Operation. 
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Figure 12. Settling Time Measurement. 


APPLICATIONS INFORMATION 
REFERENCE AMPLIFIER SET-UP 


The DAC-08 is a multiplying D/A converter in which the out- 
put current is the product of a digital number and the input 
reference current. The reference current may be fixed or may 
vary from nearly zero to +4.0mA. The full scale output current 
is a linear function of the reference current and is given by: 


255 
les 356 X IREF where IREF = 114. 


In positive reference applications (Fig. 1), an external positive 
reference voltage forces current through R4q into the VREeF(+) 
terminal (pin 14) of the reference amplifier. Alternatively, a 
negative reference may be applied to Vaeri_) at pin 15 (Fig. 
3); reference current flows from ground through R44 into 
VREF(+) aS in the positive reference case. This negative refer- 
ence connection has the advantage of a very high impedance 
presented at pin 15. The voltage at pin 14 is equal to and 
tracks the voltage at pin 15 due to the high gain of the internal 
reference amplifier. R45 (nominally equal to R14) is used to 
cancel bias.current errors; Ry5 may be eliminated with only a 
minor increase in error. 


Bipolar references may be accommodated by offsetting Vaer 
or pin 15 as shown in Fig. 11. The negative common mode 
range of the reference amplifier is given by: Vem— = V— plus 
(IRer X 1.0k22) plus 2.5V. The positive common mode range 
is V+ less 1.5V. 


When a DC reference is used, a reference bypass capacitor is 
recommended. A 5.0V TTL logic supply is not recommended 
as a reference. If a regulated power supply is used as a refer- 
ence, Ry4 should be split into two resistors with the junction 
bypassed to ground with a 0.14F capacitor. 


For most applications, a +10.0V reference is recommended for 
optimum full scale temperature coefficient performance. This 
‘will minimize the contributions of reference amplifier Vos 
and TCVos. For most applications the tight relationship 
between IRer and Ig will eliminate the need for trimming 
tRef. If required, full scale trimming may be accomplished by 
adjusting the value of R44, or by using a potentiometer for 
R14. An improved method of full scale trimming which elimi- 
nates potentiometer T.C. effects is shown in Fig. 2. 


Using lower values of reference current reduces negative power 
supply current and increases reference amplifier negative com- 
mon mode range. The recommended range for operation with 
a DC reference current is +0.2mA to +4.0mA. 


The reference amplifier’ must be compensated by using a 
capacitor from pin 16 to V—. For fixed reference operation, 
a 0.01uF capacitor is recommended. For variable reference 
applications, see section entitled ‘‘Reference Amplifier: Com- 
pensation for Multiplying Applications.” 


MULTIPLYING OPERATION 


The DAC-08 provides excellent multiplying performance with 
an extremely linear relationship between I¢g and Iperf over a 
range of 4.0mA to 4.0uA. Monotonic operation is maintained 
over a typical range of IREg from 100uUA to 4.0mA; consult 
factory for devices selected for monotonic operation over 
wider IReF ranges. 


REFERENCE AMPLIFIER COMPENSATION 
FOR MULTIPLYING APPLICATIONS 


AC reference applications will require the reference amplifier 
to be compensated using a capacitor from pin 16 to V—. The 
value of this capacitor depends on the impedance presented to 
pin 14: for R44 values of 1.0, 2.5 and 5.0k2, minimum values 
of Cp are 15, 37, and 75pF. Larger values of R14 require pro- 
portionately increased values of Ce for proper phase margin. 
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DAC-08 
For fastest response to a pulse, low values of Ryq enabling 
small Ce values should be used. If pin 14 is driven by a high 
impedance such as a transistor current source, none of the 
above values will suffice and the amplifier must be heavily 
compensated which will decrease overall bandwidth and slew 
rate. For Ry4 = 1.0kQ2 and Cg = 15pF, the reference amplifier | 
slews at 4.0mA/us enabling a transition from IReg = 0 to 
IReF = 2.0mA in 500ns. 


Operation with pulse inputs to the reference amplifier may be 
accommodated by an alternate compensation scheme shown in 
Fig. 10. This technique provides lowest full scale transition 
times. An internal clamp allows quick recovery of the reference 
amplifier from a cutoff (lgeg = 0) condition, Full scale transi- 
tion (0 to 2.0mA) occurs in 120ns when the equivalent im- 
pedance at pin 14 is 2002 and Cc = O. This yields a reference 
slew rate of 16mA/ys which is relatively independent of Rin 
and Vin values. 


LOGIC INPUTS 


The DAC-08 design incorporates a unique logic input circuit 
which enables direct interface to all popular logic families and 
provides maximum noise immunity. This feature is made 
possible by the large input swing capability, 2.0uA Idgic input 
current and completely adjustable Jogic threshold voltage. For 
V— = —15V, the logic inputs may swing between —10V and 
+18V. This enables direct interface with +15V CMOS logic, 
even when the DAC-08 is powered from a +5V supply. Mini- 
mum input logic swing and minimum logic threshold voltage 
are given by: V— plus (IlRer X 1.0k02) plus 2.5V. The logic 
threshold may be adjusted over a wide range by placing an 
appropriate voltage at the logic threshold’ control pin (pin 1, 
Vic). For TTL and DTL interface, simply ground pin 1. When 
interfacing ECL, an IREF = 1.0mA is recommended. For - 
interfacing other logic families, see Fig. 9. For general set-up 
of the logic control circuit, it should be noted that pin 1 will 
source 100uA typical; external circuitry should be designed 
to accommodate this current. 


Fastest settling times are obtained when pin 1 sees a low im- 
pedance. If pin 1 is connected to a 1.0kQ2 divider, for example, 
it should be bypassed to ground by a 0.01pF capacitor. 


ANALOG OUTPUT CURRENTS 


Both true and complemented output sink currents are pro- 
vided, when Ig + Io = Igg. Current appears at the “true” 
output when a “1” is applied to each logic input. As the binary 
count increases, the sink current at pin 4 increases propor- 
tionally, in the fashion of a ‘positive logic’ D/A converter. 
When a “0” is applied to any input bit, that current is turned 
off at pin 4 and turned on at pin 2. A decreasing logic count 
increases 1g as in a negative or inverted logic D/A converter. 
Both outputs may be used simultaneously. If one of the out- 
puts is not required it must still be connected to ground or to 
a point capable of sourcing I¢g; do not leave an unused output 
pin open. 


Both outputs have an extremely wide voltage compliance 
enabling fast direct current-to-voltage conversion through a 
resistor tied to ground or other voltage source. Positive com- 
pliance is 36V above V— and is independent of the positive 
supply. Negative compliance is given by V— plus (IReg * 1.0k82) 
plus 2.5V. 


The dual outputs enable double the usual peak-to-peak load 
swing when driving loads in quasi-differential fashion. This 
feature is especially useful in cable driving, CRT deflection and 
in other balanced applications such as driving center-tapped 
coils and transformers. 





DAC-08 
POWER SUPPLIES 


The DAC-08 operates over a wide range of power supply voltages 
from a total supply of 9V to 36V. When operating at supplies of 
+5V or less, {REF < IMA is recommended. Low reference current 
operation decreases power consumption and increases negative 
compliance, reference amplifier negative common mode range, 
negative logic input range, and negative logic threshold range. For 
example, operation at —4.5V with IRer = 2mA is not recom- 
mended because negative output compliance would be reduced 
to near zero. Operation from lower supplies is possible, however 
at least 8V total must be applied to insure turn-on of the internal 
bias network. . 


Symmetrical supplies are not required, as the DAC-08 is quite 
insensitive to variations in supply voltage. Battery operation is 
feasible as no ground connection is required: however, an artificial 
ground may be useful to insure logic swings, etc. remain between 
acceptable limits. 


Power consumption may be calculated as follows: 


Pg = (I+) (V+) + (1+) (V—) + (2 IReg) (V—). A useful feature of 

. the DAC-08 design is that supply current is constant and inde- 
pendent of input logic states; this is useful in cryptographic 
applications and further serves to reduce the size of the power 
supply bypass capacitors. 


TEMPERATURE PERFORMANCE 


The nonlinearity and monotonicity specifications of the DAC-08 
are guaranteed to apply over the entire rated operating tempera- 
ture range. Full scale output current drift is tight, typically 
+10ppm/°C, with zero scale output current and drift essentially 
negligible compared to 1/2 LSB. 


Full scale output drift performance will be best with +10.0V 

references as Vos and TCVgs of the reference amplifier will be 

very small compared to 10.0V. The temperature coefficient of 

the reference resistor Ryq4 should match and track that of the out- 

put resistor for minimum overall full scale drift. Settling times of 

the DAC-08 decrease approximately 10% at —55°C; at +125°C an 
’ increase of about 15% is typical. 






METALLIZATION AND PAD LAYOUT 








SETTLING TIME 


The DAC-08 is capable of extremely fast settling times, typically 
85nsec at Inge = 2.0mA. Judicious circuit design and careful board 
layout must be employed to obtain full performance potential 
during testing and application. The logic switch design enables 
propagation delays of only 35nsec for each of the 8 bits. Settling 
time to within 1/2 LSB of the LSB is therefore 35nsec, with each 
progressively larger bit taking successively longer. The MSB settles 
in 85nsec, thus determining the overall settling time of 85nsec. 
Settling to 6-bit accuracy requires about 65 to 7Onsec. The output 
capacitance of the DAC-08 including the package is approximately 
15pF, therefore the output RC time constant dominates settling 
time if R, > 5000. 


Settling time and propagation delay are relatively insensitive to 
logic input amplitude and rise and fall times, due to the high gain 
of the logic switches. Settling time also remains essentially 
constant for IREF values down to 1.0mA, with gradual increases 
for lower IReg values. The principal advantage of higher IReF 
values lies in the ability to attain a given output level with lower 
load resistors, thus reducing the output RC time constant. 


“ Measurement of settling time requires the ability to accurately 
































Vrer(-) 


Vrer(+) 














DIE SIZE: 0.068” X 0.088” 
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resolve +4uA, therefore a 1k&2 load is needed to provide adequate 
drive for most oscilloscopes. The settling time fixture of Fig. 12 
uses a cascode design to permit driving a 1kQ foad with less than 
5pF of parasitic capacitance at the measurement node. At IREF 
values of less than 1mA, excessive RC damping of the output is 
difficult to prevent while maintaining adequate sensitivity. How- 
ever, the major carry from 01111111 to 10000000 provides an 
accurate indicator of settling time. This code change does not 
require the normal 6.2 time constants to settle to within +0.2% 
of the final value, and thus settling times may be observed at 
lower values of Iperf. 


DAC-08 switching transients of ‘glitches’ are very low and may 
be further reduced by small capacitive loads at the output at a 
minor sacrifice in settling time. 


Fastest operation can be obtained by using short leads, minimizing 
output capacitance and load resistor values, and by adequate 
bypassing at the supply, reference and Vic terminals. Supplies 
do not require large electrolytic bypass capacitors as the supply 
current drain is independent of input logic states;0.1uF capacitors 
at the supply pins provide full transient protection. 


ORDERING INFORMATION* 






Order Package Temperature 
Number Type - Range Nonlinearity 
DAC-08AQ Ceramic DIP —55 to +125°C +0.1% 
DAC-08Q Ceramic DIP —55 to + 125°C +0.19% 
DAC-08AL Leadless —55 to +125°C +0.1% 
DAC-08L Leadless —55 to +125°C +0.19% 
DAC-08HQ Ceramic DIP 0 to +70°C *+0.1% 
DAC-08EQ Ceramic DIP Oto +70°C +0.19% 
DAC-08CQ Ceramic DIP 0 to +70°C +0.39% 
DAC-08HL Leadless 0 to +70°C +0.1% 
DAC-08EL Leadless 0 to +70°C +0,.19% 
DAC-08CL Leadless 0 to +70°C +0.39% 
DAC-08HN Plastic 0 to.+70°C +0.1% 
DAC-O8EN Plastic 0 to +70°C +0.19% 
DAC-08CN Plastic 0 to +70°C +0.39% 
DAC-08AX -Dice —55 to +125°C +0.1% 
DAC-08X Dice —55 to +125°C +0.19% 
DAC-08HX Dice 0 to +70°C +0.1% 
DAC-08EX Dice 0 to +70°C +0.19% 
DAC-08CX Dice 0 to +70°C +0.39% 


*Also available with burn-in processing. To order add suffix.B 


to part number. | 






Am1508/1408 * SSS1508A/1408A 


8-Bit Multiplying D/A Converter 





Distinctive Characteristics 


@ Improved direct replacement for MC1508/1408 
@ +0.19% nonlinearity guaranteed over temperature 
range 
®@ Improved settling time (SSS1508A/1408A) 
250ns, typ. 





The $SS1508A/1408A, Am1508/1408 are 8-bit monolithic 
multiplying Digital-to-Analog Converters consisting of a 
reference current amplifier, an R-2R ladder, and eight high 
speed current switches. For many applications, only a refer- 
ence resistor and reference voltage need be added. Improve- 
ments in design and processing techniques provide faster 
settling times combined with lower power consumption while 
retaining direct interchangeability with MC1508/1408 devices. 













The R-2R ladder divides’ the reference current into eight 
binarily-related components which are fed to the switches. 
A remainder current equal to the least significant bit is always 
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ORDERING INFORMATION* 





Part Package Temperature Order 
Number Type Range Number 
Hermetic DIP Oto+70°C AM1408L8 
Hermetic DIP Oto +70°C AM1408L7 
Hermetic DIP Oto+70°C AM1408L6 
Hermetic DIP 0 to +70°C SSS1408A-8Q 
Am1408 Hermetic DIP 0 to +70°C SSS1408A-7Q 
Hermetic DIP 0 to +70°C SSS1408A-6Q 
Plastic DIP Oto+70°C AM1408N8 
Plastic DIP Oto +70°C AM1408N7 
Plastic DIP Oto +70°C -AM1408N6 
Dice Oto+70°C LD1408 
Hermetic DIP —55to +125°C 1 AM1508L8 
Am1508 Hermetic DIP -55to +125°C 1 SSS1508A-8Q 
Dice —55to +125°C LD1508 





*Also available with burn-in processing. To order, add suffix B to 
the part number. 





FUNCTIONAL DESCRIPTION 


Improved power consumption (SSS1508A/1408A) 
157mW, typ. 

Compatible with TTL, CMOS logic 

Standard supply voltage: +5.0V and —5.0V to —15V 

Output voltage swing: +0.5V to —5.0V 

High speed multiplying input: 4.0mA/ps 










shunted to ground, therefore the maximum output current is 
255/256 of the reference amplifier input current. For example, 
a full scale output current of 1.992mA would result from a 
reference input current of 2.0mA. 


The SSS1508A/1408A, Am1508/1408 is useful in a wide 
variety of applications, including waveform synthesizers, 
digitally programmable gain and attenuation blocks, CRT 
character generation, audio digitizing and decoding, stepping 
motor drives, programmable power supplies and in building 
Tracking and Successive Approximation Analog-to-Digital 
Converters. : 










METALLIZATION AND PAD LAYOUT 
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DIE SIZE: 0.068” X 0.088” 03919B-2 



























CONNECTION DIAGRAM 
Top View 
D-16-1 
P-16-1 
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CONTROL 1% 
15[] Vrer 
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Note: Pin 1 is marked for orientation. ' 93919B-3 
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Am1508/1408 - SSS1508A/1408A 
MAXIMUM RATINGS (Above which the useful life may be impaired) 
(Ta = +25°C unless otherwise noted) 








Power Supply Voltage Power Dissipation (Package Limitation), Pp 
vt +5.5Vde Ceramic Package 1000mW - 
V- ~—16.5Vdc ' Derate above Ta = +25°C 6.7mW/C 
Digital Input Voltage, V5—V12 +5.5, OVde Operating Temperature Range, TA 
Applied Output Voltage, Vo +0.5, —5.2Vdce SSS1508A-8, Am1508 —55°C to +125°C 
Reference Current, 114 5.0mA . SSS1408A Series, Am1408 Series 0°C to +75°C 
Reference Amplifier Inputs, V14, V15 Vcc, VEE Vde Storage Temperature, Tstg —65°C to +150°C 


. 


ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


Vv 
(V+ = 5.0V, V~ = —15V, a 2.0mA, SSS1508A-8/AmM1508L8: Ta = —55 to +125°C, SSS1408A/Am1408 Series: Ta = 0 to +75°C unless 
14 


otherwise noted: Al! digital inputs at high logic level.) 
Parameters Description Test Conditions Min. Typ. Max. Units 


Relative Accuracy 
SSS1508A-8, SSS1408A-8, Am1508L8, Am1408L8 irre 
S$SS1408A-7, Am1408L7 aan aera | +0.39 =| %IFS 


SSS1408A-6, Am1408L6 
Settling Time to within 1/2 LSB (includes tp_}) 
SSS1508A/1408A 
Ta = +25°C 



















: Am1508/1408 


WIN 
WO 
o;q 


tPLH, tPHL Propagation Delay Time Ta = +25°C 


Digital Input Logic Levels (MSB) 
Vind High Level, Logic ‘'1”” 


TCio Output Full Scale Current Drift 


+ 
N 
°o 


PPM/°C | 








a oO 
ia Vde 
Low Level, Losic "0" reared Seas 
High Level, Vin = 8OV Poe | 
LNA Digital Input Current (MSB) ioral VIE PG ess0 mA 
Low Level, Vi = O8V [=0.002|-08 | 
Reference Input Bias Current (Pin 15) : 
$SS1508A/1408A -3.0 Z x 
Ami506/1408 [ao oe te ei é 
(Er < 0.19% at Ta = +25°C) Li Eaareal 
SRhref | Reference Current Slew Rate | 4.0 | 
Output Current Power Supply Sensitivity : | os | 





Power Supply Current 


Ss 


SSS1508A/1408A 


Am1508/1408 
Power Supply Voltage Range Ta =+25°C 


Power Dissipation All Bits Low ; 

V- = -5.0Vde 

SSS1508A/1408A V~ = -15Vde 
All Bits High 

k V- = -5.0Vde © 

V- = —15Vdc 
All Bits Low 

, V- = -5.0Vdc 

Am1508/1408 V- = -15Vde 
; All Bits High 

V- = —5.0Vde 

V- = -15Vde 
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Am1508/1408 « SSS1508A/1408A 
TYPICAL APPLICATIONS 


RELATIVE ACCURACY TEST CIRCUIT USE WITH CURRENT-TO-VOLTAGE 
CONVERTING OP AMP 










0TO +10V MSB 
OUTPUT 


CONVERTER O VRer 

















(+0.01% Ao 
ERROR MAX) i VRer = 2-0Vde 
30 Am1508 R14 * Ryg = 1.0k2 
Ag Ago am 1408 Ro = 5.0k2 
Ag Ato Art A12 ‘a SSS1508A [o) 
5 0 $SS1408A 
Ag0 SERIES 








Am1508 

Am1408 
SSS1508A 
SSS14084 
SERIES 










UNTER L_______J 
COUNTER 


2 4 8 “le. 32 - 126 256 





VRE kee Az Ag Ag As Ag M8) 






ADJUST Vref, R14 OR Ro SO THAT Vo WITH ALL DIGITAL 
INPUTS AT HIGH LEVEL IS EQUAL TO 9,961 VOLTS 


2V 1 $171 «1 1 1 1 1 
Vo =—(5k)J-+—+-—+— + — + — + — + — 
1k 2 4 8 16 32 64 126 256 


255 
= 10V|—— |= 9.961V 


256 
03919B-4 03919B-5 





USE WITH POSITIVE Veer USE WITH NEGATIVE Vref 
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(SEE TEXT FOR 
VALUES OF C) 









(SEE TEXT FOR 
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TRANSIENT RESPONSE AND 
SETTLING TIME TEST CIRCUIT 






+2.0Vde 
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SERIES MEASUREMENT 







(ALL BITS SWITCHED 
LOW TO HIGH) 


Co <25pF 
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Am1508/1408 - SSS1508A/1408A 


GENERAL INFORMATION AND APPLICATION NOTES 


REFERENCE AMPLIFIER DRIVE AND COMPENSATION 


The reference amplifier provides a voltage at pin 14 for con- 
verting the reference voltage to a current and a turn-around 
circuit or current mirror for feeding the ladder. The reference 
amplifier input current, 144 must always flow into pin 14 re- 
gardless of the setup method or reference voltage polarity. 


Connections for a positive voltage are shown on the previous 
page. The reference voltage source supplies the full current 
l44. For bipolar reference signals, as in the multiplying mode, 
Ris can be tied to a negative voltage corresponding to the 
minimum input level. It is possible to eliminate R45 with only a 
small sacrifice in accuracy and temperature drift. 


The compensation capacitor value must be increased with in- 
creases in R14 to maintain proper phase margin; for R14 val- 
ues of 1.0, 2.5 and 5.0 kilohms, minumum capacitor values are 
15, 37, and 75pF. The capacitor may be tied to either V- or 
ground, but using V~ increases negative supply rejection. 


A negative reference voltage may be used if R14 is grounded 
and the reference voltage is applied to R15 as shown. A high 
input impedance is the main advantage of this method. Com- 
pensation involves a capacitor to V- on pin 16, using the val- 
ues of the previous paragraph. The negative reference voltage 
must be at least 4.0 volts above the V- supply. Bipolar input 
signals may be handled by connecting R14 to a positive refer- 
ence voltage equal to the peak positive input level at pin 15. 


When a DC reference voltage is used, capacitive bypass to 
ground is recommended. The 5.0V logic supply is not recom-., 
mended as a reference voltage. If a well regulated 5.0V supply* 
which drives logic is to be used as the reference, R14 should 
be decoupled by connecting it to +5.0V through another resis- 
tor and bypassing the junction of the two resistors with 0.1.F to 
ground. For reference voltages greater than 5.0V, a clamp 
diode is recommended between pin 14 and ground. 


If pin 14 is driven by a high impedance such as a transistor 
current source, none of the above compensation methods 
apply and the amplifier must be heavily compensated, de- 
' creasing the overall bandwidth. 


OUTPUT VOLTAGE RANGE 
The voltage on pin 4 is restricted to a range of —0.6 to +0.5 
volts when V- = —5,.0V due to the current switching methods 


employed in the SSS1508A-8, Am1508. 


The negative output voltage compliance of the SSS1508A-8, 
Am1508 is extended to —5.0V where the negative supply volt- 
‘age is more negative than —10 volts. Using a full scale current 
of 1.992mA and load resistor of 2.5 kilohms between pin 4 and 
ground will yield a voltage output of 256 levels between 0 and 
-4,.980 volts. Floating pin 1 does not affect the converter 
speed or power dissipation. However, the value of the load re- 
sistor determines the switching time due to increased voltage 
swing. Values of Ri up to 500 ohms do not significantly affect 
performance but a 2.5-kilohm load increases “worst case” 
settling time to 1.248 (when all bits are switched on). Refer to 
the subsequent text section on Settling Time for more details 
on output loading. 


OUTPUT CURRENT RANGE - 


The output current maximum rating of 4.2mA may be used only 


for negative supply voltages more negative than —12.0 volts, 
due to the increased voltage drop across the resistors in the 
reference current amplifier. 


ACCURACY 


Absolute accuracy is the measure of each output current level 
with respect to its intended value, and is dependent upon rela- 
tive accuracy and full scale current drift. Relative accuracy is 
the measure of each output current level as a fraction of the full 
scale current. The relative accuracy of the SSS1508A-8, 


- Am1508 is essentially constant with temperature due to the ex- 


cellent temperature tracking of the monolithic resistor ladder. 
The reference current may drift with temperature, causing a 
change in the absolute accuracy of output current. However, 
the SSS1508A-8 has a very low full scale current drift with 
temperature. 


The SSS1508A-8/Am1508 Series is guaranteed accurate to 
within +1/2 LSB at a full scale output current of 1.992mA. This 
corresponds to a reference amplifier output current drive to the 
ladder network of 2.0mA, with the loss of one LSB (8.0uA) 
which is the ladder remainder shunted to ground. The input 
current to pin 14 has a guaranteed value of between 1.9 and 
2.1mA, allowing some mismatch in the NPN current source 
pair. The accuracy test circuit is shown on page 3. The 12-bit 
converter is calibrated for a full scale output current of 
1.992mA. This is an optional step since the SSS1508A-8, 
Am1508 accuracy is essentially the same between 1.5 and 
2.5mA. Then the SSS1508A-8, Am1508 circuits’ full scale cur- 
rent is trimmed to the same value with R14 so that a zero value 
appears at the error amplifier output. The counter is activated 
and the error band may be displayed on an oscilloscope, de- 
tected by comparators, or stored in a peak detector. 


Two 8-bit D-to-A converters may not be used to construct a 
16-bit accuracy D-to-A converter. 16-bit accuracy implies a 
total error of +1/2 of one part in 65,536 or +0.00076%, which 
is much more accurate than the +0.19% specification provided 
by the SSS1508A-8, Am1508. 


MULTIPLYING ACCURACY 


The SSS1508A-8, Am1508 may be used in the multiplying 
mode with eight-bit accuracy when the reference current is 
varied over a range of 256:1. If the reference current in the 
multiplying mode ranges from 16nA to 4.0mA, the additional 
error contributions are less than 1.6yA. This is well within 
eight-bit accuracy when referred to full scale. 


A monotonic converter is one which supplies an increase in 
current-for each increment in the binary word. Typically, the 
SSS1508A-8, Am1508 is monotonic for all values of reference 
current above 0.5mA. The recommended range for operation 
with a DC reference current is 0.5 to 4.0mA. 


SETTLING TIME 


The “worst case” switching condition occurs when all bits are 
switched “on,” which corresponds to a LOW-to-HIGH transition 
for all bits. This time is typically 250ns for settling to within +1/2 
LSB, for 8-bit accuracy, and 200ns to 1/2 LSB for 7 and 6-bit 
accuracy. The turn off is typically under 100ns. These times 
apply when Ry <500 ohms and Co <25pF. 


The slowest single switch is the least significant bit. In applica- 
tions where the D-to-A converter functions in a positive-going 
ramp mode, the “worst case” switching condition does not 
occur, and a settling time of less than 250ns may be realized. 


Extra care must be taken in board layout since this is usually 
the dominant factor in satisfactory test results when measuring 
settling time. Short leads, 100F supply bypassing for low fre- 


’ ‘quencies, and minimum scope lead length are all mandatory. 


“Am2502/3/4 Family 


Eight-Bit/Twelve-Bit Successive Approximation Registers 





Distinctive Characteristics 


Contains all the storage and control for successive 
approximation A-to-D converters. 

Provision for register extension or truncation. 

Can be operated in START-STOP or continuous 
conversion mode. 


FUNCTIONAL DESCRIPTION 

The Am2502, Am2503 and Am2504 are 8-bit and 12-bit TTL Suc- 
cessive Approximation Registers. The registers contain all the digital 
control and storage necessary for successive approximation analog-to- 
digital conversion. They can also be used in digital systems as the 
control and storage element in recursive digital routines. 

The registers consist of a set of master latches that act as the contro! 
elements in the device and change state when the input clock is LOW, 
and a set of slave latches that hold the register data and change on the 
input clock LOW-to-HIGH transition. Externally the device acts as a 
special purpose serial-to-parallel converter that accepts ‘ata at the D 
input of the register and sends the data to the appropriate slave latch 
to appear at the register output and the DO output on the Am2502 
and Am2504 when the clock goes from LOW-to-HIGH. There are no 
restrictions on the data input; it can change state at any time except 
during the set-up time just: ptior to the clock transition. At the same 
. time that data enters the register bit the next less significant bit is set 
to a LOW ready for the next iteration. 

The register is reset by holding the S (Start) signal LOW during the 
clock LOW-to-HIGH transition. The register synchronously resets to 
the state Q7(11) LOW, (Note 2) and all. the remaining register outputs 
HIGH. The CC (Conversion Complete) signal is also set HIGH at this 
time. The S signal should not be brought back HIGH until after the 


® Can be used as serial-to-parallel converter or ring 
counters. 

® Electrically tested and optically inspected dice for 
the assemblers of hybrid products. 


clock LOW-to-HIGH transition in order to guarantee correct resetting. 
After. the clock has gone HIGH resetting the register, the S signal is 
removed. On the next clock LOW-to-HIGH transition the data on the 
D input is set into the Q7(11) register bit and the Qg(10) register bit is 
set to a LOW ready for the next clock cycle. On the next clock LOW- 
to-HIGH transition data enters the Qg(10) register bit and Q,(9) is set 
to a LOW. This operation is repeated foreach register bit in turn until 
the register has been filled. When the data goes into Qo, the CC signal 
goes LOW, and the register is inhibited from fdérther change until reset 
by a Start signal. 


In order ta allow complementary conversion the complementary 
output of the most significant register bit is made available. An active 
LOW enable input, E, on the Am2503 and Am2504 allows devices to 
be connected together to form a longer register by connecting the 
clock, D, and S$ inputs together and connecting the CC output of one 
device to the E input of the next less significant device. When the Start 
signal resets the register, the E signal goes HIGH, forcing the Q7(11) bit 
HIGH and inhibiting the device from accepting data until the previous 
device is full and its CC goes LOW. If only one device is used the E 
input should be held at a LOW logic level (Ground). if all the bits are 
not required, the register may be truncated and conversion time saved 
by using a register output going LOW rather than the CC signal to 
indicate the end of canversion, 





LOGIC DIAGRAMS 
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Notes: 1. Cell logic is repeated for register stages. Q5 to Q] Am2502/3, Qg to Q] Am2504. 


2. Numbers in parentheses are for Am2504. : 









Am2504 
12 BT SAR 





Am2502/2503 
8-BIT SAR 
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LIC-225 LIC-226 
Vcc = Pin 24 
Vec = Pin 16 GND = Pin 12 
GND = Pin 8 NC = Pins 10, 15 22 
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CONNECTION DIAGRAMS -— Top Views 
D-16, P-16 D-24, P-24 









(2502) DO 
‘asoa) EL] 







Am2504 
(24-Pin} 














06-Pin} 
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Pin 1 is marked for orientation. 
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Am2502/3/4 Family 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature ; —65 to +150°C 
Supply Voltage to Ground Potential Continuous -0.5 to +7V 
DC Voitage Appliéd to Outputs for High Output State —0.5 to +Voc max 
DC Input Voltage -0.5 to +5.5V 
Output Current, Into Outputs 30mA 
DC Input Current ~30 to +5.0mA 


ELECTRICAL CHARACTERISTICS over operating temperature and voltage ranges 





Am2502/3/4 Am25L02/L03/L04 


Typ 
(Note 1) 






Parameters Description Test Conditions 


Output HIGH Voltage aA > en 
Vv Output LOW Voltage Voc = MIN, lot = 9.6mA 
OL (Note 2) Vin = Vin or Vi 
: . Guaranteed input logical HIGH 
IpUL ENGEL Bevel voltage for all inputs 
Guaranteed input logical LOW 
Input LOW Level voltage for all inputs 
Unit Load _ 5 CP, D, 
Input LOW Current Voc a MIN =O 
Unit Load ’ 
V, = = ‘ 
be Input HIGH Current CGS MME NIN Seay 














Input HIGH Current Voc = MAX, Vin = 5.5V 
Output Short Circuit Current Voc = MAX, Vout = 0.0V 


Am25(L)02 
Power Supply Current Am25(L)03 
Am25(L)04 


Notes: 1. Typical Limits are at Voc = 5.0V, 25°C ambient and maximum loading. 
2. Vo_(MAX) = 0.4V with total device fanout of less than 50 TTL Unit Loads (80mA). Otherwise, Vo_(MAX) = 0.45V. 
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SWITCHING CHARACTERISTICS Tp = 25°C, Voc = +5.0V, C. = 15pF 


Am2502/3/4 Am25L02/3/4 
Parameters Description 





ted Turn Off Delay CP to Supa HIGH (except Qy1, Qn) 
Turn Off Delay CP to Qy4 or Qy4 HIGH 
: 
Setup Time Data Input ‘ 

Setup Time Start Input 
peeereyereny 
Minimum LOW Clock Pulse Width 
Minimum HIGH Clock Pulse Width 

ae neers | oa 
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SWITCHING TIME WAVEFORMS 


AT LEAST 
tywa (CP) 





AT LEAST 
towLcPy 


Am2502/3/4 Family 


KEY TO TIMING DIAGRAM 








t,(SIMIN. 





t,(S) MAX 


HTT LY 


- 


WAVEFORM 





VW AY 
Sid Mi HtTttth 


1 MAX. 
fao-—t5(S} MIN s(01 





t,(D) MIN. 


OVW \ 
AAA 


tog- MAX 


{pdt Seiay Gaaeeeel, 


tod MIN tpd+ MIN. | 


in 


+ 


t(D} MAX. 


KYYYYVYY iM XV VW VV W KV YVYYY) 
AWVVVV\ AAAAAAAAAAA KAN AAA NA 


NVV\\_L/ 


t(D) MIN, 


NX) AVY AY 
AAV 





um {TT} 
\A\\ LLL} 








- Hy 


tod + MAX 





INPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROMH TOL 


MAY CHANGE 
FROMLTOH 


DON’T CARE; 
ANY CHANGE 
PERMITTED 


OUTPUTS 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TOL 


WILL BE 
CHANGING 
FROM L TOH 


CHANGING; 
STATE 
UNKNOWN 











: Ma fff 
(2502, 2504) NV\\ [] [] 
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E 
(2503, 2504) 





Q7(11) 


1sv ENABLE TOQ7 (11) 
CP = H WHEN ENABLE CHANGES. 


tou -(E) MAX. 


15v APPLIES ONLY WHEN START-SIGNAL APPLIED 





DEFINITION OF TERMS 
SUBSCRIPT TERMS: 


H HIGH, applying to a HIGH logic level or when used with Vcc 
to indicate high Vcc value. 


[ Input 


L LOW, applying to LOW logic level or when used with Vcc to 
indicate low Vcc value. 


O Output 
FUNCTIONAL TERMS: 


Fan-Out The logic HIGH or LOW output drive capability in 
terms of Input Unit Loads. 


Input Unit Load One T2 L gate input load. In the HIGH state it 
is equal to Ii} and in the LOW state it is equal to Ij,. 


CP The clock input of the register. 


CC The conversion complete output. This output remains HIGH 
during a conversion and goes LOW when a conversion is complete. 


D The serial data input of the register. 


E The register enable. This input is used to expand the length of 
the register and when HIGH forces the Q7(11) register output 
HIGH and inhibits conversion. When not used for expansion the 
anable is held at a LOW logic level (Ground). 


27(11) The true output of the MSB of the register. . 
37(11) The complement output of the MSB of the register. 
3j i= 7(11) to O The outputs of the register. 


3 The start input. If the start input is held LOW for at least a 
slock period the register will be reset to Q7(17) LOW and all the 
emaining outputs HIGH. A start pulse that is LOW for a shorter 
xeriod of time can be used if it meets the set-up time require- 
nents of the S input. 


YO The serial data output. 


JPERATIONAL TERMS: 
iL. Forward input load current. 


(The D input delayed one bit). 
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lo Output HIGH current, forced out of output Vo, test. 


fo. Output LOW current, forced into the output in Vo, test. 
ty Reverse input load current. 

Negative Current Current flowing out of the device. 

Positive Current Current flowing into the device. 

Vin, Minimum logic HIGH input voltage. 

Vit Maximum togic LOW input voltage. 


Vou Minimum logic HIGH output voltage with output HSH 
current Igy flowing out of output. 


VoL Maximum logic LOW output voltage with output LOW cur- 
rent loz flowing into output. 


SWITCHING TERMS: ( Measured at the 1.5V logic level). 


tog— The propagation delay from the clock signal LOW-HIGH 
transition to an output signal HiGH-LOW transition. 


tog+ The propagation delay from the clock signal LOW-HIGH © 
transition to an output signal LOW-HIGH transition. 


tpg—(E) The propagation delay from the Enable signal HIGH- 
LOW transition to the Q7(11) output signal HIGH-LOW trans- 
ition, 


tog+(E) The propagation delay from the Enable signal LOW- 
HIGH transition to Q7(11) output signal LOW-HIGH transition. 


t,(D) Set-up time required for the logic level to be present at the 
data input prior to the. clock transition from LOW to HIGH in 
order for the register to respond. The data input should remain 
steady between t, max. and t, min. before the clock. . 

t,(S) Set-up time required for a LOW level to be present at the 
S input prior to the clock transition from LOW to HIGH in order 
for the register to be reset, or time required for a HIGH level to 
be present on S before the HIGH to LOW clock transition to 
prevent resetting. 

tow(CP) The minimum clock pulse width (LOW or HIGH) 
required for proper register operation. 


Am2502/3/4 Family 





USER NOTES FOR A/D CONVERSION 


Time Inputs ° Outputs 1. The register can be used with either current switches 
— that require a low voltage level to turn the switch on, 
Og Q, Qg Ay A, AD CC or current switches that require a high voltage level to 

turn the current switch on. {f current switches are used 
which turn on with a low logic level the resulting digital 
output from the register is active LOW. Thatis, a logic 
“1” is represented as a low voltage level.If current swit- 
ches are used that turn on with a high logic level then 
the digital output is active HIGH; a logic ‘’1”is repre- 
sented as a high voltage level. 





lad 
a 





x 


x 
x 


For a maximum digital error of +%LSB the comparator 
must be biased. If current switches that require a high 
voltage level to turn on are used, the comparator should 
be biased +%LSB and if the current switches require a 
high logic level to turn on then the comparator must be 
biased —%LSB. 


oMnnNnAaaRwWN OO 
Creer eer oe eye 
rProriroiigcire 

rerrrrizgri84g 
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The register, by suitable selection of resistor ladder net- 
work, can be used to perform either binary or BCD 
conversion. Additional data input gating should be used to 
eliminate the possibility of false BCD codes. 


=x 
2 
(o) 


H = HIGH Voltage Level . The register can be used to perform 2's complement 
L = LOW Voltage Level conversion by offsetting the comparator % full range 
X = Don’t Care +% LSB and using the complement of the MSB Q7 
NC = No Change ; (Q44) as the sign bit. 


Note: Truth Table for Am2504 is extended to include . . lf the register is truncated and operated in the continuous 
12 outputs. conversion mode a Jock-up condition may occur on power- 
on. This situation can be overcome by making the 
START input the OR function of CC and the appropriate 
register output. : 


Am25(L)02/3 TIMING CHART 


CLOCK | | | f | I | | | | | | | f | 
INPUTS START : | 
DATA | | | | j | . j | | 


Q7 


Og 
Q5 
Qq 
Q3 
OUTPUTS 
Q2 
Q, 
Q 


CONVERSION 
COMPLETE 


bo 
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Am2502/3/4 Family 







Am2504 LOADING RULES (IN UNIT LOADS) 
Input Fanout 

Pin Unit Load Output Output 

Input/Output No.’s LOW HIGH HIGH LOW 


Am2502/3 LOADING RULES (IN UNIT LOADS) 
Input Fanout 

Pin Unit Load Output Output 
Input/Output -No.’s LOW HIGH HIGH LOW 







































































































































































































E (2503) 1 1.5 2 = = E 1 16> 222 = _ 
DO (2502) 1 - - 12 6 DO 2 = = 12 6 
co 2 - _ 12 6 cc 3. - - 12 6 
Qo 3 - = 12 6 Qo 4 = — 12 6 
Q, 4 _ - 12 6 Q, 5 + —- 12 6 
Q, 5 = 12 6 a, 6 -— -— 12. «6 
Q, 6 = 12 6 Q3 7 = 12 6 
D ae 1 = = a, $ -  — 12 6 
GND 8 - = a - 9 6 

cP 9 1 1 = 4 10 
Ss 10 1 2 we = D + 11 1 1 - — 
Q, 11 - = 12 6 GND 1200 = = = = 
Of, 12 ze = 12 6 cP 13 1 1 - = 
om 13 se = 12 6 S 1401 2 = = 
Q, 14 — - 12 6 NC 15 0 - = = = 
15 12 6 Og 16 _ - 12 6 
16 = % cs = Q, 17 - ~ 12 6 
re) 1 = = 6 

MSI INTERFACING RULES 8 2 
Equivalent . Qg 19 — - 12 6 
Input Unit Load = aa 

interfacing Digital Family HIGH LOW P10 ay Ws 
Advanced Micro Devices 9300/2500 Series NC 22 - - _~ = 
FSC Series 9300 Oy 23 aa = 12 6 






1 

1 

Advanced Micro Devices 54/7400 1 
TI Series 54/7400 1 
Signetics Series 8200 “2 
1 

2 


N 
pb 















A Standard TTL Unit Load is defined as 40uUA measured at 2.4V 
HIGH and —1.6mA measured at 0.4V LOW. 










National Series DM 75/85 
.DTL Series 930 





a=l/ofi[po/oa/ofj/of/oa 













1 NC = No Connection 


INPUT/OUTPUT INTERFACE CONDITIONS 
Voltage Interface Conditions — LOW & HIGH _ Current Interface Conditions — LOW 


OUTPUT DRIVING INPUT LOAD 
ORIVEN'LOW 





LOW" 










OUTPUT LOAD 








MINIMUM LOGIC 
“HIGH” OUTPUT 
VOLTAGE 





Vou, 








NS ee 
NOISE 

(IMMUNITY 
(High level} 











MINIMUM LOGIC 
“HIGH” INPUT 
VOLTAGE 












Vits 













MAXIMUM LOGIC GND > = 
“LOW” OUTPUT 


VOLTAGE 





MAXIMUM LOGIC 
“LOW" INPUT 
VOLTAGE © 









OUTPUT/INPUT VOLTAGE LEVELS — VOLTS 


Current Interface Conditions — HIGH 


OUTPUT DRIVING INPUT LOAD 
: "HIGH" | DRIVEN ‘HIGH 












IMMUNITY 
(Low level) 












ORIVING DEVICE DRIVEN DEVICE 






ORIVING 
DEVICE 






DRIVEN 
DEVICE 






LIC-232 






Am2502/3/4 Family 


Am2502/3/4 APPLICATION 
Continuous Conversion Analog-to-Digital Converter 


SERIAL DATA OUT 


CONVERSION 
COMPLETE 


PARALLEL 
DATA 
OUT 


COMPARATOR 


ANALOG INPUT 





This shows how the Am2502/3/4 registers are used with a Digital-to-Analog converter and a comparator to form a very high-speed con- 
tinuous conversion Analog-to-Digital converter. Conversion time is limited mainly by the speed of the D/A converter and comparator with 
typical conversion rates of 100,000 conversions per second. Lic-233 
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Metallization and Pad Layouts 


Am2503 Am2504 


Yee 





et, 





ny : 

Py det 
Do | 
ol 
t= 
edd 
cs 
— 
ell 


| 
| 
i 

















DIE SIZE 0.087” X 0.105” DIE SIZE 0.087” X 0.105” DIE SIZE 0.087" X 0.135” 
ORDERING INFORMATION* 
Order Order Package Temperature 

Number Number Type Range Bits 
Am2502DM Am25L02DM Hermetic DIP —55 to +125°C 8 
Am2503DM Am25L03DM Hermetic DIP —55 to. +125°C 8 
Am2504DM Am25L04DM Hermetic DIP —55 to +125°C 12 
Am2502FM Am25L02FM Flat Package —55 to + 125°C 8 
Am2503FM Am25L03FM Flat Package. —55 to +125°C 8 
.Am2504FM AM25L04FM Flat Package —55 to + 125°C 12 
Am2502XM Am25L02XM Dice —55 to +125°C 8 
Am2503XM Am25L03XM Dice —55 to +125°C 8 
Am2504XM Am25L04XM_ Dice —55 to +125°C 8 
Am2502DC Am25L02DC Hermetic DIP 0 to +70°C ' 8 
Am2503DC Am25L03DC Hermetic DIP 0 to +70°C 8 
Am2504DC Am25L04DC Hermetic DIP 0 to +70°C 12 
Am2502PC Am25L02PC Plastic 0 to +70°C 8 
Am2503PC Am25L03PC Plastic 0 to +70°C 8 
Am2504PC Am25L04PC Plastic 0 to +70°C 12 
Am2502XC . Am25L02XC Dice 0 to +70°C 8 
Am2503XC Am25L03XC : Dice 0 to +70°C 8 
Am2504XC Am25L04XC Dice _Oto +70°C 12 





*Also available with burn-in processing. To order add suffix B to part number. 
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Am6012/6012A « 


Am6022/6022A 


12-Bit High and Ultra-High Speed Multiplying D/A Converters 


DISTINCTIVE CHARACTERISTICS 


@ All grades 12-bit monotonic over temperature 
e Differential nonlinearity to +0.012% (13 bits) max over 
temperature (A grades) 


e Fast settling output current: 
75ns (Am6022/A) 
250ns (Am6012/A) 
. © Full scale current: 4mA 


GENERAL DESCRIPTION 


The Am6012/6022 series of 12-bit monolithic multiplying 
digital-to-analog converters represent new levels of speed, ac- 
curacy and low cost. The Am6012 and its high-performance, 
pin-compatible twin, the Am6022 are the first 12-bit DACs to be 
built.using standard processing without the need for thin-film 
resistors or active trimming. 


The Am6012/6022 design guarantees a more uniform step size 
than is possible with standard binarily weighted DACs. This 
+1/2 LSB differential nonlinearity is desirable in many applica- 
tions where local linearity is critical. The uniform step size 
allows finer resolution of levels and in most applications is 
more useful than conformance to an ideal straight line from 
zero to full scale. 


The Am6012/6022 have high voltage compliance, high imped- 
ance dual complementary outputs which increase their 
versatility and enable differential operation to effectively double 


@ High output impedance and compliance: —5 to +10V 
e Differential current outputs 
e@ Low cost 
High-speed multiplying capability 
Direct interface to TTL, CMOS, ECL, HTL, NMOS 
Low power consumption: 
230mW (Am6012/A) 
500mW (Am6022/A) 





the peak to peak output swing. These outputs can be used 
directly without op amps in many applications. The dua! com- 
plementary outputs can also be connected in A/D converter 
applications to present a constant load current and significantly 
reduce switching transients and increase system throughput. 
Output full scale current is specified at 4mA, allowing use of 
smaller load resistors to minimize the output RC delay which 
usually dominates settling time at the 12-bit level. 


The Am6012/6022 series guarantees full 12-bit monotonicity for 
all grades and differential nonlinearity as tight as 0.012% (13 
bits), for the A grades and 0.025% (12 bits) for the standard 
grades over. the entire temperature range. Device performance 
is essentially independent of power supply voltage, and 
devices work over a wide operating range from +5 and, —12V 
to +18V. , 








FUNCTIONAL DIAGRAM 
GND/ MSB LSB 
V+ Vic By B23 Bz Bs Bg B7 Bg =Bgy Big )=— Bit Baa 
foo 913 74 f2 93 fa 16 7 fs f9 “fro Jas f12 
[vere aes = rad 
| | bens | lo 
NETWORK Hy tp th aes aa es aes ee 18 ==-— 
| ee On EE IP Gee a 
CURRENT J 19 —— 


SWITCHES ° 


14 
Vrer(+)o 


15 
Vrer(-)° 


REFERENCE pie a 
AMPLIFIER COMP vV~ 
ORDERING INFORMATION 
Package Temperature Differential Am6012 Am6022 
Type Range Nonlinearity Order Number Order Number 
Ceramic DIP ~55 to +125°C +0.012% AM6012ADM AM6022ADM 
Ceramic DIP —55 to +125°C +0.025% AM6012DM AM6022DM 
Ceramic DIP Oto +70°C +0.012% AM6012ADC Am6022ADC 
Ceramic DIP 0 to +70°C +0.025% AM6012DC AM6022DC 
Plastic DIP 0 to +70°C +0.012% AM6012APC AM6022APG 
Plastic DIP Oto +70°C +0.025% AM6012PC AM6022PC 
Leadtess Chip-Carrier —55 to +125°C +0.012% AM6012ALM AM6022ALM** 
Leadless Chip-Carrier —55 to +125°C +0,025% Am6012LM Am6022LM** 
Leadless Chip-Carrier Oto +70°C +0.012% Am6012ALC Am6022ALC** 
Leadless Chip-Carrier Oto +70°C +0.025% Am6012LC Am6022LC** 
Dice ~—55 to +125°C £0.012% Am6012AXM Am6022AXM°* 
Dice —55 to +125°C +0.025% Am6012XM Am6022XM°* 
Dice Oto +70°C +0.012% Am6012AXC Am6022AXC 
Dice Oto +70°C *#0.025% Am6012XC Am6022XC 


*Also available with burn-in processing. To order, add suffix B to part number. 
**To be announced. 
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! 
CURRENT SOURCES | 
LADDER NETWORK 





Am6012 
° 00687B-1 


CONNECTION DIAGRAMS - Top Views 
‘D-20-1, P-20-1 


COMP 


Am6012/22 
Vrer(-) 


Vner(+) 14[_J Vacrt+) 
13 [7] GNDVic 


12 [_] 8,2 LsB 


11 
~] 
a 


8 
3 





8,, (se) 5 | 
GND/Vic ) | 


00687B-2 
Note: Pin 1 is marked for orientation. 


00687B-3 


00687B-ANA 





Am6012/6012A + Am6022/6022A 
Am6012/6012A 
MAXIMUM RATINGS (above which useful life may be impaired) 


Operating Temperature Power Supply Voltage +18V 


Am6012ADM, Am6012DM —55 to +125°C | Logic Inputs —5 to +18V 
Am6012ADC, Am6012DC 0 to +70°C | Analog Current Outputs —8 to +12V 
Storage Temperature —65 to +125°C | Reference Inputs V44, V45 V-toV+ 


Lead Temperature 
(Soldering, 60sec) 300°C 





ELECTRICAL CHARACTERISTICS 


These specifications apply for V+ = +15V, V~ = —15V, IRer = 1.0mA, over the operating temperature range unless otherwise specified. 











V a 
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Parameter Description Test Conditions Units 


Resolution 


yp. 











= 


a 


Differential hoe - : ; - | 
D.N.L. Deviation from idea! step size : za 
N.L. Deviation from ideal straight line | = | 
VrReF = 10.000V 
Full Scale Current Ry4 = Rys = 10.000kN 3.967 


= 


+,025 %ES 


+0.05 %FS 


3 
> 


Ta = 25°C 


i+ 
8 


+.004 | %FS/C 





Output Voltage O.N.L. Specification guaranteed 


Compliance Volts 


+10 


over compliance range 
Rout > 10 megohms typ. 


\ Full Scale — — 
FSS Symmetry les — Irs 


< 
° 
ro) 





. 
> 


'Z75 Zero Scale Current 
ts Settling Time To +1/2 LSB, all bits ON or OFF, Ta = 25°C 


tPLH Propagation 
teu: Delay — en bie 50% to 50% | 
Cout Output Capacitance 

Logic Logic “Oo” 

Input 


= 

= 
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Vin Levele i ie 
[tse pa Gnent [Va ewe «SY 
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Volts 


+ 
= 
oa 


+18 Volts 


3 
$ $ 3 
al 


| Reference Current sk 
mer Range 


Reference Input Ry4(eq) = 8002 


PSSleg+ Power Supply V+ = +13.5V to +16.5V, V— = —15V 
Sensitivity 


! r i R 3s 
8 - o 3 ry 


he 

‘ i+ 

8 3S 2 
S > 
or 


.0000 +.001 





%FS/% 
PSSlIfs— V— = -13.5V to -16.5V, V+ = +15V . +,00025 | +.001 +.00025| +.001 
V+ Power Supply ¥ =ov . 45 | - | Volts 
Vv Range OUT ines -10.8 
is 


V+ = +5V, V- = -15V 
Power Supply -13.7 


Current 


ee 
a a 

fs S23] 

ae 


Power V+ = +5V, V- = —15V 
Dissipation V+ = +15V, V- = —15V © 
: 3-1 





+ 


~-13.7 -18.0 


ao 
= 
ND 


= 
yo} ry 


Ww 


3 


> 


397 





N a on ‘ 





Am6012/6012A + Am6022/6022A 


Am6022/6022A 
MAXIMUM RATINGS (above which useful life may be impaired) 


Operating Temperature 
Am6022ADM, Am6022DM 
Am6022ADC, Am6022DC 


Power Supply Voltage +18V 
0 to +70°C | Analog Current Outputs —8 to +12V 


—65 to +125°C | Reference Inputs V14, Vi5 V~- to V+ 
Reference Input Differential Voltage (V;4 to V15) +18V 


Reference Input Current (I,4) 1.25mA 


Storage Temperature 


Lead Temperature 


(Soldering, 60sec) 300°C 





ELECTRICAL CHARACTERISTICS 
= +15V, V~ 


—15V, REF = 1.0mA, over the operating temperature range unless otherwise specified. 


[aneoaa——_—| 
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These specifications apply for V+ 
















Units 


Parameter Description Test Conditions 







Resolution 





Monotonicity 
















Differential 
Nonlinearity 











Deviation from ideal step size 














Nonlinearity Deviation from ideal straight line 


Vrer = 10.000V 
Ria == Ris = 10,000kN. 
Ta = 25°C 




















Full Scale Current 





















Full Scale Tempco 











D.N.L. Specification guaranteed 
over compliance range 
Rout > 10 megohms typ. 





Output Voltage 
Compliance 
















Full Scale 
Symmetry 








Zero Scale Current 





ed 





: 
|_#.0005 mm — 

















Settling Time 











Propagation _.«*.. 
Dela ail b is 

































Logic Input Swing 














Reference Current 
Range 





Reference Bias Current 












Reference Input 
Slew Rate 





Ria(eq) = 8002 
CC = OpF 


+13.5V to +16.5V, V—- 
—13.5V to -16.5V, V+ 











Power Supply 
Sensitivity 








+15V 





Power Supply 
Range 





Vout 


FS 
a 
; . . 
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Volts 






BA 





































= —15V 


V+ = +5V, V- 





Power Supply 
Current 









+15V, V- = —15V 



















+5V, V- = —15V 
= +15V, V- = -15V 


Power 
Dissipation 
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Am6012/6012A » Am6022/6022A 


ACCURACY SPECIFICATIONS 


The design of the 6012/22 emphasizes differential linearity 
which is a measure of the uniformity of each step in the transfer 
characteristic. The circuit design, described in greater detail on 
page 6, requires resistor matching and tracking tolerances of 8 
times lower than that of previous designs to achieve and 
maintain monotonicity over temperature. This advantage has 
been used in the 6012A/22A to provide 13-bit differential 
nonlinearity over temperature, a level of performance not 
generally available in previous designs, even when using thin 
film resistors. 


The figures illustrate that +1/2 LSB (13-bit) differential non- 
linearity guarantees a converter with 4096 distinct output levels. 
+1LSB D.N.L. guarantees monotonicity, so that when the input 
code is increased the output will not decrease. Note that non- 
linearity, or deviation from an ideal straight line through zero and 
full scale, cannot be visually determined from the figures. In 
most applications, 12-bit resolution and differential linearity are 
more important than linearity. This is especially true in video and 
graphics, where the human eye has difficulty discerning non- 
linearity of less than 5%. 


DIFFERENTIAL NONLINEARITY 
WORST CASE AT TEMPERATURE EXTREME 


Pa “ 
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DIE SIZE 0.093” X 0.134” 


: | Am6012/6012A - Am6022/6022A 
APPLICATION HINTS: Vrer v- 


1. Reference current and reference resistor. 
There is a 1 to 4 scale factor between the reference current 
(lReg) and the full scale output current (Ips). If Vref = +10V 
and lrg = 4mA, the value of the Ry, is: 


_ 4x 10 Volt 
4" 4mA 







Ip +1 =Irs 
FOR ALL INPUT CODES 








COMP 
VREF(+) lo 
Am6012/22 


v- 








= 10k0, Rig = Ris NAER(=} POS 


2. Reference amplifier compensation. (Am6012) 
For AC reference applications, a minimum value compensa- 
tion capacitor (Cc) is normally used. The value of this 
capacitor depends on the equivalent resistance at pin 14. The 
values to maximize bandwidth without oscillation are as fol- 





lows: 
i Reference Amplifier Output Voltage 
Frequency Response Compliance 
ALL BITS ON 


MINIMUM SIZE aN 
COMPENSATION CAPACITOR i 





Cc = 10pF 


































(lpg = 4mA, Inge = 1.0mA) 8 t 
| 
R14 (EQ) (KO) Cc (pF) 5 5 
ad ui 
2 
° MODULATION OF 4mA Fa 
wl FULL SCALE CURRENT a 
Batt | i | : 
SMALL SIGNAL +1% a 
rs MODULATION OF 2ma_| | Wy] 5 
FULL SCALE CURRENT | | [}__| Fa 
ania 0 
01 0.1 1.0 10 -10 -5 0 5 10 
FREQUENCY — MHz OUTPUT VOLTAGE — VOLTS 
. 00687B-8 006878-9 
Note: A 0.01uF capacitor is recommended for fixed reference operation. ‘ 
REFERENCE AMPLIFIER BIASING 
7 Am6012/22 
Vin 
REFERENCE 
AMPLIFIER 
15 lo +10 = tes 
Ais = Aya ti Rin . FOR ALL INPUT CODES 
Vin ————O 
Tal 22uF TANTULUM 
(NOTE 5) 
01 
v- vt 00687B- 10 





Lo Impedance Bipolar V ov V (Note 1) (Va+/Ryq) + (Vin/Rin) 
Reference R+ IN Am6012 (Note 2) 

; F Vaz — Vin)/R 
| Hi Impedance Bipolar Vas Vi i? ae 3 In)/Ry4 


Notes: 1. The compensation capacitor is a function of the impedance seen at the +Vp_r input and must be at least C = 5pF x Ry 4(eq) in kQ. For 
Ry4 < 8000 no capacitor is necessary. 
. For negative values of Vin, Va+/R14 must be greater than —Viy Max/Rij so that the amplifier is not turned off. 
. For positive values of Vin, Va4+ must be greater than V;jxj Max so the amplifier is not turned off. 
. For pulsed operation, Vj+ provides a DC offset and may be set to zero in some cases. The impedance at pin 14 should be 8002 or less. 
For optimum settling time, decouple V— with 200 and bypass with 22uF tantulum capacitor. : 
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UNIPOLAR 


.SYM- 
METRICAL 
OFFSET 


VREF(+) 


VREF(-) 


OPTIONAL 
(SEE CODE TABLE) 


Straight binary; one 
polarity with true input 
code, true zero output. 


Complementary binary; 
one polarity with 
complementary input 
code, true zero output. 


a-g 
b-c 
Ri = R2 = 2.5K 


Straight offset binary; 
offset half scale, 
symmetrical about zero, 
no true zero output. 


a-c 
b-d 
fg 
R1 = R3 = 2.5K 
R2 = 1.25K 


's complement; 
0. et half scale, 
sytametrical about zero, 
no true zero output 
MSB complemented 
(need inverter at B1). 


€-a-c 
bg 
Ri = R2 = 5K 


Offset binary; 
offset half scale, 
true zero output. 


2's complement; 
offset half scale 

true Zero output 
MSB complemented 
(need inverter at B1). 


@-a-c 
b-g 
Ri = R2 = 5K 


ADDITIONAL CODE MODIFICATIONS 
1. Any of the offset binary codes may be complemented by fevered the output terminal pair. 


Am6012/22 


Positive full scale 
Positive full scale — LSB 
Zero scale 


Positive full scale 
Positive full scale — LSB 
Zero scale 


Positive full scale 
Positive full scale — LSB 
(+) Zero scale 

(-) Zero scale 

Negative full scale - LSB 
Negative full scale 


Positive full scale 

Positive full scale - LSB 
(+) Zero scale 

(-) Zero scale 

Negative full scale - LSB 
Negative full scale 


Positive full scale 

Positive full scale — LSB 
+ LSB 

Zero Scale 

- LSB 

Negative full scale + LSB 
Negative full scale 


Positive full scale 

Positive full scale — LSB 
+1LSB 

Zero scale 

-1LSB 

Negative full scale + LSB 
Negative full scale 


MSB LSB 
B1 B2 B3 B4 BS B6 B7 BS BS B10 B11 B12 


-4+4-00CCO/DOOHA4-44 


3.999 
3.998 
-000 


00687B-11 





SEGMENTED DAC DESIGN INFORMATION 


The design of a 12-bit D/A converter has traditionally required 
precision thin film resistors, a trimming method, and a binarily 
weighted ladder network. The 6012/22 is a 12-bit DAC which 
uses diffused resistors.and requires no trimming, cutting, blow- 
ing, or zapping to guarantee monotonicity for all grades over the 
temperature range. A proprietary design technique, departing 
from the traditional R-2R approach used in virtually all high 
speed high resolution converters, provides inherent monoto- 
nicity and differential linearity as high as 13 bits. This guarantees 
a more uniform step size over the temperature range than avail- 
able trimmed 12-bit converters. The converter’s performance is 
immune to variations in temperature, time, process, and 
mechanical stress. The circuit also features differential high 
compliance current outputs, wide supply range, and a multiply- 
ing reference input. 


In most converter applications, uniform step size is more impor- 
tant than conformance to an ideal straight line. Most 12-bit con- 
verters are used for high resolution rather than high linearity, 
since few transducers are more linear than +0.1%. All classic 
binarily weighted converters require + 1/2 LSB (+.012%) linear- 
ity in order to guarantee monotonicity, which requires very tight 
resistor matching and tracking. This new circuit uses conven- 
tional bipolar processing to achieve high differential linearity and 


monotonicity without requiring correspondingly high linearity, or — 


conformance to an ideal straight line. 


One design approach which provides monotonicity without re- 
quiring high linearity is the MOS switch-resistor string. This cir- 
cuit is actually a full complement to a current switched R-2R 
DAC since it is slower, has a voltage output, and if implemented 
at the 12-bit level would use 4096 low tolerance resistors rather 
than a minimum number of high tolerance resistors as in the 
R-2R network. Its lack of speed and density for 12 bits are its 
drawbacks. 


The technique used in the Am6012 combines the advantages of 
both the R-2R and 2"R approaches. It is inherently monotonic, 
fast, and uses untrimmed resistors which are actually fewer in 
number than the classic R-2R ladder. 


In.order to properly describe the new design technique, the stan- 


dard R-2R ladder approach used in previous 12-bit DAC’s will first 


| be discussed. Figure 1 shows the twelve-bit currents which are’ 

used in all possible binary combinations to generate 4096 analog 
output levels. The resistor ladder tolerance is most critical for the 
major carry, where the 11 least significant bits turn off and the 
most significant bit turns on. If the MSB is more than 1A low, or 
—.05%, the converter will be nonmonotonic. Table 1 shows the 
maximum tracking error which can be allowed over a 100°C range 
to maintain monotonicity, which is +1 LSB D.N.L. Achieving +1/2 
LSB differential nonlinearity is especially difficult since it requires 
a tracking temperature coefficient of +1.25 ppm/°C. 


Figure 2 shows the transfer characteristic for the new technique, . 


called the segmented DAC. The 4096 output levels are com- 
posed of 8 groups of 512 steps each. Each step group is gener- 


Am6012/6012A + Am6022/6022A 


ated by a 9-bit DAC, and each of the segment slopes is deter- 
mined by one of 8 equal current sources, as shown in Figure 3. 
The resistors which determine monotonocity are in the 9-bit DAC. 
The major carry of the 9-bit DAC is repeated in each of the 8 
segments, and requires eight times lower initial resistor accuracy 
and tracking to maintain a given differential nonlinearity over 
temperature. 


The operation of the segmented DAC may be visualized by 
assuming an input code of all zeroes. The first segment current 
lp is divided into 512 levels by the 9-bit multiplying DAC and fed 
to the output, Ioy7. As the input code increases, anew segment 
current is selected for each 512 counts. The previous segment is 
fed to output Inyy where the new step group is added to it, thus 
ensuring monotonicity independent of segment resistor values. 
All higher order segments feed loyt. 


At each segment endpoint, monotonicity is assured because no 
critical resistor tolerances are involved. For exaniple, at the mid- 
point of the transfer characteristic, as shown in Figure 2, 4,9 is 
actually generated by the same segment resistor as I3,514 and 
has been incremented by the remainder current of the 9-bit 
DAC. 


In the segmented DAC, the. precision of the 8 main resistors 
determines linearity only. The influence of each of these resis- 
tors on linearity is four times lower than that of the MSB resistor 
in an R-2R DAC. Hence, assuming the same resistor tolerances 
for both, the linearity of the segmented approach would actually 
be higher than that of an R-2R design. 


The step generator or 9-bit DAC is composed of a master and a 
slave ladder. The slave ladder generates the four least signifi- 
cant bits from the remainder of the master ladder by active cur- 
rent splitting utilizing scaled emitters. This saves ladder resistors 
and greatly reduces the range of emitter scaling required in the 
9-bit DAC. All current switches in the step generator are high 
speed fully differential switches which are capable of switching 
low currents at high speed. This allows the use of a binary scaled 
network all the way to the least significant bit which saves power 
and simplifies the circuitry. 


Diffused resistors have advantages over thin film resistors be- 
yond simple economy and bipolar process compatibility. The 
resistors are fabricated in single crystal rather than amorphous 
material which gives them better long term stability and tracking 
and much higher moisture. resistance. They are diffused at 
1000°C and so are resistant to changes in value due to thermal 
and chemical causes: Also, no burn-in is required for stability. 
The contact resistance between aluminum and silicon is more 


. predictable than between aluminum and an amorphous thin film, 


and no sandwich metals are required to enhance or protect the 
contact or limit alloying. The initial match between two diffused 
resistors is similar to that of thin film since both are defined by 
photomasks and chemical etching. Since the resistors are-not 
trimmed or altered after fabrication, their tracking and long term 
characteristics are not degraded. 


TABLE 1 
RESISTOR SPECIFICATIONS 


Initial Matching 
Required for 
+1 LSB DNL (%) 
















No. of 
,Ladder Type | Resistors 


Straight R-2R 


Segmented 
3 Bits + 9 Bits 








Tracking Required for 
+1 LSB DNL (ppm/°C) 


0 initial DNL 
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Figure 1. Traditional R-2R D/A Converter. 
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Figure 2. Transfer Characteristic of Segmented Design. 
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Figure 3. Segmented DAC Functional Diagram Used in Am601 2/22. 
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Am6012/6012A + Am6022/6022A 


Figure 4. Interfacing Circuits for ECL, CMOS, HTL Logic Inputs. 


CMOS, HTL ECL 
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TO PIN 13 
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Figure 5. CRT Display Driver. | 
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mee 








Notes: 

1. Set the voltage “A” to the de- 
sired logic input switching 
theshold. 


2. Allowable range of logic 


threshold is typically —5V to 
+13.5V when operating the 
DAC on +15V supplies. 


“¥" INPUT 





Am6012/22 


Notes: 1. Full differential drive lowers power supply voltage. — 00687B-17 
2. Eliminates inverting amplifiers and transformers. 
3. Independent beam centering controls. 
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Figure 6. High-Speed 12-Bit A/D Converter. 
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INTRODUCTION 


Advanced Micro Devices’ Am6012 is the first 12-bit DAC ever 
built using standard processing without the requirements of thin 

_ film resistors and/or active trimming of individual devices. The 
result is a high-speed and high-accuracy converter with low 
cost. Offering a +¥ least significant bit (LSB) differential non- 
linearity, the Am6012’s uniform step size allows finer resolution 
of levels, and in most applications is more useful than confor- 
mance to an ideal straight line from zero to full scale. 


DESCRIPTION OF THE Am6012 


Figure 1 shows a simplified schematic for a traditional R-2R 
D/A converter used in previous 12-bit DACs. Twelve current 
sources are used in all possible binary combinations to gener- 


REFERENCE 
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Am6012 Application Note 


ate the 4096 analog output levels. The resistor ladder tolerance 
is most critical at the major carry where the 11 least significant 
bits are turned off and the most significant bit (MSB) turns on. If 
the MSB is more than —0.05% low, the converter will be non- 
monotonic. Achieving the initial resistor matching for +1LSB 
differential nonlinearity (+0.05%) has required precision resis- 
tors plus some sort of trimming method, such as laser trim- 
ming, cutting, blowing or zapping to guarantee monotonicity for 
all grades over the temperature range. The Am6012 uses a 
proprietary design technique, departing from the traditional 
R-2R design, which offers inherent monotonicity and differen- 
tial nonlinearity. as high as 13 bits (0.012%). The performance 
of the converter is immune to variations in temperature, time, 
process and mechanical stress. 


0000 2.000mA 


MAJOR } 1000 0000 
1.999MA 


CARRY ( o111 1111 11411 


Figure 1. Traditional R-2R D/A Converter 
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Figure 2. Transfer Characteristic of Segmented Design 


Figure 2 shows: the transfer characteristic for the new 
technique called a segmented ladder used in the Am6012. The 
4096 output levels are composed of eight groups of 512 steps 
each. 


Each step of the group is generated by a 9-bit DAC and each 
of the segment slopes is determined by one of eight equal cur- 
rent sources as shown in Figure 3. The resistors that deter- 
mine monotonicity are in the 9-bit DAC, and the major carry of 
the 9-bit DAC is repeated in each of the eight segments. This 
results in the need for eight times lower initial resistor accuracy 
and provides tracking to maintain a given differential nonlinear- 
ity over temperature. 


If we assume that the input code is all ZEROES, the first seg- 
ment current Io is divided into 512 levels by the 9-bit multiply- 
ing DAC and fed to the output Ioyt- An increasing digital input 
code selects a new segment for every 512 counts. The previ- 
ous segment is fed to output Ioy7T where the new group is 
added to it, thus ensuring monotonicity independent of seg- 
ment resistor values. : 


In the segment DAC, the precision of the eight main resistors 
determines linearity only. The influence of each of these resis- 

- tors on linearity is four times lower than that of the MSB resistor 
in a R-2R DAC. Thus, if the resistor tolerances were the Same, 
then the segmented approach would actually be higher in 
linearity than that of the R-2R design. 


3-27 





t 


Am6012 Application Note 


REFERENCE 
AMPLIFIER 
SEGMENT GENERATOR 


Figure 3. Segmented DAC Functional Diagram Used in Am6012 


The 9-bit DAC is composed of a.master and a slave ladder. 
The slave ladder generates the four least significant bits from 
the remainder of the master ladder by using scaled emitters to 
split the current actively. All of the current switches in the step 


generator are fully differential switches capable of switching . 


low currents at high speed. This allows the use of a binarily 
scaled network all the way to the least significant bit which 
saves power and simplifies the circuitry. 


Like other monolithic DACs, the Am6012 has two types of errors 
that cannot be eliminated by adjustment. They are integral non- 
linearity and differential nonlinearity. The integral nonlinearity 
shown in Figure 4 is the maximum deviation of the transfer 


function from the straight line drawn from actual zero through the | 


full-scale output of the converter. Integral nonlinearity is ex- 
pressed in LSBs or as a percentage of full-scale. Some prod- 
ucts use the “best fit” straight line and specify the deviation in 
LSBs, however, this straight line will usually not terminate at 
the full-scale value. The user then must adjust his converter to 
this full-scale value, but is then unable to calibrate the con- 
verter to benefit from the better value offered by this specman- 
ship. Most users are interested in the absolute value of the 
full-scale output and can calibrate it either manually or au- 
tomatically. 


Differential nonlinearity (DNL) is a measure of the deviation of 
each individual step size from the ideal least significant bit. A 
DNL of more than 1LSB defines nonmonotonicity, and a perfect 
converter has a zero DNL. 


The Am6012A is spécified as having 13 bits of DNL over tem- 
perature, a level of performance generally not available in other 
_ 12-bit converters even when using thin film resistors. This 
+¥eLSB (13-bit) DNL guarantees the converter has 4096 sepa- 
rate and distinct output levels, whereas a +1LSB DNL only 
guarantees monotonicity. It must be stressed again that these 
DNL figures are guaranteed over the complete temperature 
range. Also, DNL gives a measure of curve smoothness. The 
DAC transfer function may be more than 1LSB nonlinear and 
yet be smooth and usefu! with ¥2LSB DNL. This is especially 
true in video and graphics where the human eye has difficulty 
discerning nonlinearity of less than 5%. {n most applications, 
12-bit resolution and DNL are more important than integral non- 
linearity. Figure 5 shows the nonlinearity of an actual device. 
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B12 


B10 B11 


9-BIT DAC 


CODE SELECTED: 0111 1111 1111 


’ 


ALL 
BITS ON 


DIGITAL 
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¢ 
y ‘oat WORST-CASE DIFFERENTIAL 
,r, NONLINEARITY (+1/2 LSB) 


ANALOG OUTPUT 


FULL-SCALE 


Figure 4. Monotonic DAC with +1 LSB Nonlinearity 
and +1/2 LSB Differential Nonlinearity 


MULTIPLYING DAC 

The Am6012 uses a fixed reference for most applications, but it 
can also handle an AC reference source. The output current 
lout is a product of the digital input and analog reference vol- 
tage (VpeF) or current (IREF). 

The output current for current reference can be expressed as: 


By Bo Bg By, Bs Bg Bz 
lo =4-IRerp| — +—— + —— + + + 4+ 
. cer( 2 4 #8 16 32 64 128 
B: B B B B 
a, Bg to , Bi | Bre 
256 $12 1024 2048 4096 


where B, is MSB. 
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The Am6012 has complementary/differential current outputs. 
The complement.of Ig is expressed as: 


lo = Irs — lo 
where the addition of Io and Io is a constant regardless of the 
digital code. 


Am6012 Application Note 


Figures 6 and 7 show the relationship of IReF to Io and Io for 
NONLINEARITY IN NUMBER OF LSBS the basic DC connections. The reference may be positive or 
negative, and a bipolar output voltage may be obtained using 
the high-compliance current outputs alone or with an output 
op-amp, as described later. 


An application of the external positive reference voltage 
(+Vprer) forces current through. a reference resistor (RReF) 
into the reference input (VReF(+)), which is a virtual ground 
created by the reference amplifier feedback loop. Reference 
current (Iper) is defined as: 


A +10V supply for +Vper is recommended for optimum full- 
scale temperature operation. Resistor Rys5 minimizes the tem- 
perature coefficient of output offset voltage of the reference 
amplifier by matching it to Ry4. 





LIAN IWLuSIG 


In negative reference applications, the external negative refer- 
ence voltage is applied to the negative reference input 
(VREF(-)) of the Am6012. The voltage at (VREF(+)) pin tracks 
the voltage at (VReF(_)). IREF flows from ground through RRer 
into the (VREF(+)) input. 

This connection produces high impedance at the (VaeF;_)) 
input, thus isolating the signa! source from the load. Again, R15 
is normally used to cancel input bias current errors and is 
Figure 5. Nonlinearity Plot of Actual Device nominally equal! to Rrer. 





+Vrer in) 
= x— 
rent ( Rrer 4096 


PREF 14] Vrer(+) 


Rig SETS trg Ip +I = les 
FOR ALL INPUT CODES 


15| Vrer(—) 


Ris, BIAS CURRENT CANCELLATION 


LIC-867 





Figure 6. Positive Reference Connection 
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141 Vrer(+) 


lp + 1p = Irs 
FOR ALL INPUT CODES 





Figure 7. Negative Reference Connection 


3-29 


Am6012 Application Note 


BIPOLAR OPERATION 


Figure 8 shows a low input impedance bipolar connection. The 
current into (VReF(+)) is IREF plus lin. [REF Must be equal to or 
greater than the maximum negative value of li, so the refer- 
ence amplifier will not turn off. For a high-impedance connection 
(Figure 9) IREF is calculated from: 


lReF = (VreF — Vin)/RREF 
where +Vprer must be equal to or greater than the maximum 
"positive value of Vin. The IREF current range is set at a 
minimum of 0.2mA and a maximum of 1.1mA. Fifty percent 
modulation is recommended to maintain speed and linearity 
(0.55mA +0.5mA) over commercial temperature range. 


Iner 2 PEAK NEGATIVE 
SWING OF Iyy 


141 Vper(+) 


Am6012 
45) Yrer(—) 


Ris = (Race * Rin)/(Rrer + Rin) 


Figure 8. Low Input Impedance Bipolar Reference 


lner = (+VRer — Vin)/Rrer 


rer Rarer 
—_—_ 


+VREF O 14) Vaer(+) 


Veer = Vin POSITIVE PEAK 


LIC-870 


Figure 9. High-Input Impedance Bipolar Reference 


REFERENCE AMPLIFIER COMPENSATION 


For AC reference applications, a minimum-value compensation 
capacitor (Cc) is normally used. The value of this capacitor 
depends on the equivalent resistance seen at (VpeF(+)). Table 
-1 gives the compensation capacitors required for different val- 
ues of Rage; and Figure 10 shows the frequency response of 
the reference amplifier with Raer = 2K and Cc = 10pF. 


For the fastest response to a pulse, low values of Rarer should 
be used resulting in a low Cc value. When Rre_r is 800 ohms, 
Cc is not required and a full-scale transition of {usec maximum 








and 500nsec typical is obtained. For fixed reference operation 


a 0.01uF capacitor should be used. 


AC COUPLED MULTIPLICATION 


Sometimes multiplying applications are more easily achieved 
by AC coupling, and a high impedance input is often required 
to avoid loading the high source impedance. Figure 11 uses the 
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TABLE 1. MINIMUM SIZE COMPENSATION CAPACITOR 


(Ics = 4mA, Iperf = 1.0mA) 
Ri4 (EQ) (kK) 


Cc (PF) 


50 
25 
10 
5 
0 





Ccpin as the input. This is possible because the Cc connectionis 
2Ve_E away from the ladder determining resistors internal to the 
Am6012 and gives wider bandwidth than using the reference 
amplifier. 


VOLTAGE OUTPUTS USING Am6012 


The settling time for the Am6012 is specified for the current mode 
or the fastest operating mode. Many DAC applications require a 
current-to-voltage conversion. This can be achieved simply by 
connecting a low-value resistor directly to the output. If the output 
current is 4mA, a unipolar output would limit the resistor value to 
1.25K ohms to ground because of the —5V DAC output voltage 
compliance limitation. The output settling time is determined by 
the RC time constant produced by the DAC output capacitance of 
20pF (plus stray capacitance) and the value of the load resistor. 
Settling to 0.01% (+LSB) of full-scale’ would require approxi- 
mately 300nsec, or nine time constants. An operational amplifier 


_-2| MODULATION OF 4mA | 
FULL SCALE CURRENT Mit 


RELATIVE OUTPUT — dB 


SMALL SIGNAL +1% 
MODULATION OF 2mA 
FULL SCALE CURRENT 


FREQUENCY — MHz 





Figure 10. Reference Amplifier Frequency Response 
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Figure 11. High-Impedance AC-Coupled Multiplication 


is required if lower output impedance or larger output swings are 
desired, but some settling time will be lost because the output 
response is limited by the amplifier’s slew rate and settling time. A 
feedback capacitor Cy (Figure 12) can compensate for the pole 
produced by the DAC output capacitance, op-amp input capaci- 
tance and the feedback resistor. Careful selection of this 
capacitor also optimizes the response time. Fastest operation is 
achieved by minimizing lead lengths, impedances and stray 
capacitances and bypassing the supplies to the DAC and opera- 
tional amplifier. 


The Am6012 has a maximum zero scale current of 0.14A over 
the full temperature range. This represents only 1/10LSB zero 
offset error. Therefore, the only error that needs to be corrected 
will be the operational amplifier offset voltage. A typical 
amplifier, such as the LF156, has an offset voltage (Vos) of 
13mV over temperature and 0.54V/°C per mV change in aver- 
age temperature coefficient with Vog adjusted to zero. This will 
produce a total error of 1LSB over temperature, whereas if the 
LF156A were used only “LSB error would occur. In Figure 13 
the Vog of the amplifier should be adjusted to zero with all of 
the bits turned OFF. One LSB is equal to 10/4096V = 2.44mV. 


Am6012 


Rrer = (Ry + R14) 


GAIN ADJUST 


2002 
GAIN ADJUST 


Am6012 
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UNIPOLAR OPERATION (Figure 13) 

Gain adjustment 

Turn alt the bits ON and adjust gain trimmer Ry until the output is 
9.9976V. This represents 1LSB less than the nominal 10V full- 
scale because the DAC outputs 4096 l!evels including zero so 
Ves = 4095/4096 (10V) = 9.9976V. 

BIPOLAR OPERATION (Figure 14) 

This configuration will provide a bipolar output voltage from 
—10.000V to 9.9951V for an offset binary digital input code. 
Offset Adjustment “3 

With all bits OFF, adjust offset trimmer Ro to give —10.000V at the 
output. 

Gain 

Turn all the bits ON, and adjust gain trimmer Ry to give an output 
voltage of 9.9951V. 


By using Figure 15 and Table 2, different input code formats 
and output polarities can be accommodated. 


Figure 14. +10V Full-Scale Bipolar DAC 
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VREF(+) 


VREF(-) 


ANALOG 
GROUND = 


OPTIONAL 
(SEE CODE TABLE) L\ 


GROUND 
ANALOG GROUND 


UC-876 





Figure 15. Voltage Output Connection 


TABLE 2. INPUT CODE FORMATS 


MSB LSB 
CODE FORMAT Veaaieesi| OUTPUT SCALE B81 B2 B3 B4 BS B6 B7 BS BY B10 B11 B12 


Positive full scale 
Straight binary; one Positive full scale - LSB 
polarity with true input a-c Zero scale ’ 
code, true zero output. b-g 
R1 = R2 = 2.5K 
UNIPOLAR 
Positive full scale 
Positive full scale - LSB 
Zero scale 


Complementary binary; 
one polarity with 
complementary input 
code, true zero output. 


Positive full scale 
Positive full scale - LSB 


Straight offset binary; (+) Zero scale 


offset half scale, (-) Zero scale 


syrametrical aout 26rG, f-g Negative full scale — LSB 
no true zero output. Ri = R3 = 2.5K | Negative full scale 
SYM- R2 = 1.25K 
METRICAL 


OFFSET Positive full scale 


1's complement; 

offset half stale, 
symmetrical about zero, 
‘no true zero output 
MSB complemented 
(need inverter at B1). 


Positive full scale - LSB 
(+) Zero scale 
(-) Zero scale 
Negative full scale ~ LSB 
R1 = R3 = 2.5K | Negative full scale 
R2 = 1.25K 


Positive full scale 
Positive full scale — LSB 
Offset binary; + LSB 
offset half scale, ‘ Zero Scale 


true zero output. - LSB 
Negative full scale + LSB 


eid iets Negative full scale 


WITH 
TRUE Positive full scale 
ZERO — 2's complement; Positive full scale - LSB 
, offset half scale e-a-c +1LSB 
true zero output b-g - Zero scale 
MSB complemented R1 = R2 = 5K -1LSB 
(need inverter at Bt). Negative full scale + LSB 
Negative full scale 


2z242-0000/0004444 
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TWO-QUADRANT MULTIPLICATION DAC 


There are two types of two-quadrant multiplication: bipolar digi- 
tal, where the digital code controls the output polarity; and bipolar 
analog, where the analog reference input controls output polarity. 


Figure 14 shows a bipolar digital two-quadrant multiplication with 
the output polarity controlled by an offset binary-coded input 
word. Two DACs are required for the bipolar analog method 
(Figure 16) because the Am6012 reference input cannot reverse 
the output polarity. A bipolar reference voltage is connected to the 
upper Am6012 and modulates the reference current by +0.5mA 
around the quiescent current of 0.55mA. The lower Am6012 also 
has a reference current of 0.55mA, and both DACs have the 
same digital inputs. The lower Am6012 effectively subtracts out 
the quiescent 0.55mA of the upper Am6012 reference current at 
all digital input codes by differentially connecting them to an 
op-amp, thus the output voltage, Voyr, is a product of a digital 
input code and a bipolar analog reference voltage. 


FOUR-QUADRANT MULTIPLICATION 


By combining bipolar digital and bipolar analog (two-quadrant 
multiplication) the output analog polarity is controlled by the 
analog reference input or by the offset binary digital input code. In 
' Figure 17 two Am6012s are connected to implement a four- 
quadrant multiplying DAC. The circuit shows that a differential 


V+ 


Vrer(+) 


Vrer(—) 


DIGITAL 
OUTPUTS 
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input signal can be accepted and differential output currents 
produced that can either be connected differentially to an op-amp 
to produce a voltage output or be used to drive balanced loads 
such as transformers, transducers and transmission lines. 


USING THE Am6012 IN A/D CONVERTERS 


Successive approximation is probably the method most widely 
used for implementing an ADC offering relatively fast conversion 
times with a low component count. Requiring ‘n’ comparisons for 
an‘n’ bit conversion makes the technique capable of high speed. 


As illustrated in Figure 18, the most significant bit is turned ON 
first, and the DAC output is compared with the input. The bit is 
switched OFF or left ON, depending upon whether the input 
signal is smaller or larger than the DAC output signal. The re- 
maining bits are successively switched ON and comparisons 
made until all respective bits are either left ON or switched OFF. 
Each time one bit is tried, the DAC is required to settle to within 
+ta2LSB. The Am2504 Successive Approximation Register 
(SAR) contains the necessary A/D logic, and the timing diagram 
(Figure 19) relates to the Am2504. Holding the start input LOW for 
at least one clock period initiates the conversion. The MSB is set 
LOW and all of the other bits are set HIGH for the first trial. Each 
trial takes one clock period, proceeding from the most significant 
to the least. 


Figure 16. Bipolar Analog Two-Quadrant Multiplication 
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Vrer = +10V 





BALANCED 
LOAD 


lout = lor ~ lo2 


Figure 17. Four-Quadrant Multiplication with High Impedance Input 


The time required to complete a 12-bit successive approximation 
A/D conversion is determined by adding the duration of the 12 
trials, the comparator decision delays and one clock cycle. Three 
dynamic considerations must be taken into account: DAC output 
current settling time to +¥2LSB, the comparator propagation 
delay, and the SAR propagation delay and setup requirements. 


For example, with 300nsec allowed for the DAC to settle to 
+VaLSB, and 300nsec for the comparator response time plus 
50nsec SAR logic delay a complete conversion could result in 
8.5usec. 


A major factor affecting the settling time of the DAC is the RC time 
constant formed by the input resistor (Rj) and the DAC output 
capacitance (Co) plus any stray capacitance present at the 
summing node. The settling to within + Y2LSB at 12 bits (+0.01%) 
requires 9.2 RC time constants. Thus the Am6012, with an out- 
put capacitance of 20pF, would influence the settling time if Riy 
were around 300 ohms. But Rix would become the dominant 
factor when greater than 500 ohms. Hence, if the A/D full-scale 
range were. 10V and the DAC current was 4mA, then Ryj would 


be equal to 2.5K, resulting in a time constant of 50nsec and a 
settling time of approximately 500nsec. Lowering the effective 
resistance at the summing node is a compromise between DAC 
settling time and comparator overdrive because the ¥eLSB cur- 
rent is only 0.54A and, for an equivalent resistance of 500 
ohms, would only result in a DAC output voltage corresponding 
to V2LSB or 0.25mV, which is inadequate for most com- 
parators. With Riy of 2.5K this would result in LSB of 
1.25mV, which is an adequate overdrive for the Am111s (Figure 
18), producing a response time of 200nsec. The propagation 
delay of the SAR is 50nsec. Hence, the total conversion time is 
11.5;:sec for a full-scale signal range of 10V. 


The input impedance of an ADC changes during the conversion 
process and can alter the performance of the input amplifier, or 
sample and hold amplifier if used. Because the comparison point 
can swing by alarge amount, the input current can be modulated. 
The output impedance of the input amplifier is made LOW by the 
loop gain of the feedback amplifier. This gain reduces at high 
frequencies, and the output impedance rises to its open loop 
value, which is usually between 10 and 200 ohms. 
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LOGIC 
INPUT 


ANALOG INPUT 


0 TO 10V OR © 
-5V TO +5V 


Viy FULL SCALE 
Rin = 4mA 
CHoLo 


CONNECT TO Veer 


FOR BIPOLAR INPUTS 


10K 
VREF 
= +10V 


imA 
10K 


Am6012 


MSB BIT1 
BIT 2 
_BIT3 

BIT 4 

BIT 5 

BIT 6 
BIT7 

BIT 8 
BIT9 

BIT 10 

BIT 11 
LSB BIT 12 


21201918 1716 9 8 7 6 5 4 
o 


Am2504 
12-BIT SAR 


START INPUT 


CONVERSION 
COMPLETE 


SERIAL OUTPUT 





Rin 
2.5k0. 


HPS082 
2811 


+15V ae Cas ee +15V 
mT Te aNatoc 


GROUND 
= ow 2p 
~15V >IT -15V 


+5V +5V 


Ot 22, 


roe an ones 
aia are 


POWER 
GROUND 


LIC-879 


Figure 18. Fast Precision Successive Approximation A/D Converter 


Errors can be introduced into the instantaneous input voltage if 
the bandwidth of the amplifier is not sufficient and the output of the 
input amplifier does not return to its normal voltage before the 
converter makes a comparison. The Am6012 offers dual com- 
plementary outputs that can present a constant load current to the 
input signal significantly reducing switching transients and in- 
creasing system throughput. Because the full-scale output cur- 
rent of the Am6012 is 4mA, smaller load resistors can be used. 
These minimize the output RC delay that usually dominates the 
settling time for a 12-bit ADC. In the design of high-resolution, 
high-speed ADCs, one must ensure that the analog wiring be kept 
as short as possible and be separated from the vicinity of digital 
lines. This precaution refers especially to the comparator output 
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which can capacitively couple edge transients back to the input of 
the comparator and cause the comparator to oscillate. 


Digital ground and analog ground should only meet at one 
point to prevent digital ground currents from creating voltage 
errors in the analog ground. 


Ground loops should also be avoided within the analog sections 
since they can introduce errors. Adequately bypassing supplies is 
essential for high-speed and high-resolution ADCs and should 
include high-frequency ceramic as well as tantalum capacitors to 
decouple the high-frequency components of the digital switching 
transients. 
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INPUTS | START 


es VG pF iV Drm i Ce eae CN 


TRY 


MSB MSB DECISION 


TRY 


B10 BIT 10 DECISION 


Q10 


ag | TRY B9 | BIT 9 DECISION 
Qs TRY BS | BIT 8 DECISION 


BIT 7 DECISION 


Q7 TRY B7 


Q6 TRY B6 | , | BIT 6 DECISION . 


OUTPUTS 


Qs | TRY BS BIT 5 DECISION : 


a4 | TRY B4 | BIT 4 DECISION 
Q3 : | TRY B3 | BIT 3 DECISION 
Q2 | TRY B2 ; | BIT 2 DECISION 
ai a B1 | BIT 1 DECISION 
Q0 | TRY LSB EY ys | | LSB DECISION 
ae a aia mn Cr 
COMPLETE ; 





Figure 19. Typical Timing Diagram for Successive Approximation Converter 


MICROPROCESSOR-BASED SYSTEM INTERFACING 


The Am6012 can be interfaced to a microprocessor-based sys- 
tem. But microprocessors with an 8-bit bus have the problem of 
interfacing to the 12-bit DAC. This is solved by breaking the 12-bit 
word into 8- and 4-bit bytes and storing each into a memory 
location. Figure 20 shows a 12-bit DAC interfaced to the popular 
AmS9080A using an Am9555 Programmable Peripheral Interface. 
This allows two Am6012s to be connected. For a simpler system 
the Am9555 could be replaced with a 12-bit latch and some 
control logic. 


" Interfacing the Am6012 to a 16-bit microprocessor such as the 


AmZ8001/8002 is shown in Figure 21. The DAC peripheral loca- 
tionis addressed by the CPU and decoded by the AmZ8136 (8-bit 
decoder with control storage), which contains input latches, al- 
lowing the peripheral address to be latched and decoded from the 
address bus. The AS (address strobe) signal from the CPU 
informs the decoder when the address is stable andis used as the 
input register latch command. Two transparent latches are used 
to latch the data off the address/data bus. The DS (data strobe) 


command produces a CS (chip select) to force the AmZ8173 octal 
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HOLD REQ 
INT REQ 
INT ENABLE 
WAIT 


Am6012 


DAC 
OUTPUT #1 


Am8224 Am8228 
CLOCK SYSTEM 
GENERATOR CONTROLLER 


STATUS 
STROBE 


SYSTEM DATA BUS rt Dac 
: OUTPUT #2 





Figure 20. Two Am6012 D/A Converters Controlled by an Am9555 PPI 


‘ADp-AD44 


ADDRESS/ 
DATA BUS 


AD -AD1 





Figure 21. AmZ8000 Interface for Am6012 12-Bit DAC 
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latches into their transparent mode. When DS goes HIGH this 
causes CS to go HIGH and retains the data in the AmZ8173. This 
prevents erroneous data from appearing at the Am6012 inputs 
during CPU operations and causing the output from displaying 
the wrong information. The AmZ8000 has the capability of out- 
putting not only single words of data, but also blocks of data from 
contiguous memory locations. The time for each data transfer is 
10 clock cycles, resulting in a data update time of 2.5usec. 
Additional time can be allowed for the DAC to settle by including 
extra WAIT states. Each wait state period is 250nsec. 


When used in a successive approximation type of ADC described 
earlier, the Am6012 can be interfaced to an AM9080A to allow 
analog information into the microprocessor system (Figure 22). 
The ADC data conversion procedure is controlled by the 
Am9080A Microprocessor set (AM9080A 8-bit microprocessor, 
Am8224 clock generator and driver, and Am8228 system con- 
troller and bus driver). The Am26S02 is used as the START 
monostable circuit and is activated by (CS = 0, and IOW = 0). 
START ADC command sets the S input of the SAR circuit 
Am2504 to a logic 0. The width of the monostable pulse must be 
greater than the period of the DATA CLOCK signal to initialize the 


ADDRESS 
ADDRESS BUS DECODE 
MEMORY | 
& DATA BUS 
Q 


Do.7' Am8228 


STSTB 


SAR logic. The DATA CLOCK period must be sufficiently long to 
allow for the worst-case settling time of the Am6012 DAC and 
comparator Am111 and to ensure valid data at the SAR input. 
After S goes LOW the first clock sets Cc, changing it to logic ONE, 
and the sample and hold reverts back to the sample mode. The 
microprocessor is then allowed to resume its function by remov- 


‘ing the logic ZERO from the RDYIN input of the Am8224 chip. 


Logic ONE at the SAR’s S input prevents DATA CLOCK from 
changing the digital data outputs of the SAR after the completion 
of a conversion. When the microprocessor issues a READ ADC 
command (CS = 0, IOR = 0), the data buffer (Am9555) is ena- 
bled to transfer the data outputs of the SAR to the system data 
bus and into the microprocessor accumulator where on a sub- 
sequent memory write command stores the datainto a memory | 
location. The ADC must be given another START ADC command 
by the microprocessor before another conversion cycle can be 
started. 


Am6012 


AmS555 
DATA 12-BIT DIGITAL DATA 
BUFFER 


DATA CLOCK 





Figure 22. Microprocessor Controlled 12-Bit Analog to Digital Acquisition System 
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Am6014 


14-Bit Multiplying D/A Converter 
PRELIMINARY DATA. 


DISTINCTIVE CHARACTERISTICS 


14 bit monotonic over temperature 
Differential non-linearity to +0.006% (14 bits) 
Inherently monotonic 
Fast settling output current: 500ns 
Full scale current 8mA 
High output impedance and high output 
compliance: —5 to +5V 
Differential current outputs 
Sign switch bit enables sign-magnitude input coding 
for 15 bit dynamic range 

e Low power dissipation: 350mW 


GENERAL DESCRIPTION 


The Am6014 is a monolithic 14-bit multiplying digital-to- 
analog-converter which uses untrimmed thin film resistors 
and a segmented ladder design to provide monotonicity 
and 14-bit differential linearity. It also offers a wide power 
supply range, high voltage compliance, and complemen- _ 
tary high impedance outputs, thus permitting greater ver- 
satility and differential operation. Output full scale current 
is specified at 8mA, allowing use of smaller load resistors 
to minimize the output RC delay, and a sign-bit input 
allows sign-magnitude code format capability. The circuit 
also provides the user with output, gain and thin film refer- 
ence input scaling resistors which track with the thin film 
resistors used in the ladder and segment sources. 


Am6014 BLOCK DIAGRAM 
FUNCTIONAL DIAGRAM 


” SIGN BIT 


SIGN SEGMENT OUTPUT 


SWITCH 
DRIVER SWITCHES 





1-OF-8 
DECODER 


REFERENCE 
AMPLIFIER . 


SEGMENT ROM 
SWITCHES AND 
LEVEL SHIFT 


SEGMENT GENERATOR 
CURRENT SOURCES AND 
SYMMETRICAL LADDER 


LSB DAC 
CURRENT SWITCHES 
AND LADOER NETWORK 


NETWORK 


ORDERING INFORMATION 
Temperature 
Range 


—55 to +125°C 
0 to +70°C 
0 to +70°C 


Differential 
Nonlinearity 


+0.006% 
+0.006% 
+0.006% 


Order 
Number Package 


Am6014DM Hermetic DIP 
Am6014DC Hermetic DIP 
Am6014XC Dice 


CONNECTION DIAGRAM 


POSITIVE POWER SUPPLY 


COMPLEMENTARY 


27, J} lol+) CURRENT OUTPUT 


62511 RESISTOR 


NEGATIVELY SIGNED 

CURRENT OUTPUT 

POSITIVELY SIGNED 
23f J'o(+) CURRENT OUTPUT 


22 |] GAIN? | Gain CONTROL 
RESISTORS 


NEGATIVE POWER SUPPLY 
COMPENSATION INPUT 
GROUND 
CURRENT REFERENCE 
VOLTAGE REFERENCE 

15 [—] SIGN-BIT 
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Am6014 
MAXIMUM RATINGS (Above which useful life may be impaired) 


Storage Temperature —65 to + 150°C 


Lead Temperature (soldering, 10sec) 300°C 
Power Supply Voltage (V +) +18V 
Power Supply Voltage (V—) —18V 
V+ Supply to V— Supply 25V 
Logic Inputs —5 to +18V 
Analog Current Outputs : —8 to +12V 
Reference Input Voltage V-to V+ 
Reference Input Current 2.5mA 


Power Dissipation 700mW 


ELECTRICAL CHARACTERISTICS V+ = +5V, V- = —15V, Iper = 2.0mA Ta = 0 to -70°C 


Parameters Description Test Conditions 


a 


Differential Nonlinearity == from ideal — 
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— 
jo | 
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i 


pes 
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lrss Full Scale Symmetry le! 
Zero Scale Current Ch * 


hs Pat ts bits 
ON.OKOFF, Ta = 25°C 
> 






Settling Time (Includes tp, 4) 


eT 


PSSiros V+ = 4.5 to +5.5V, V— = —15V 
Power Supply Sensitivity 
PSSlesg— V— = 13.5 to -16.5V, V+ = 5V 


V+ = +5V, 
V- = -15V 


a ae 
a 
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ne Volts 
| Logic” | “aq” | = | 
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FUNCTIONAL PIN DESCRIPTIONS 


Mnemonic 
DByp—DBy3 


SIGN-BIT 


VREF 


IREF 


COMP 


Description 


DBog (MSB) through DB43 (LSB) are the data 
input pins to the DAC. 


This input pin represents the sign of the data 
bits DBg— DBy3. If SIGN-BIT is held HIGH, 
the output current flows from Io (+); if LOW, 
current flows from !9 (—). 


Input reference voltage pin. May be used 
instead of IREF. A 5V input will give a 8mA 
full scale output. Vref takes advantage of 
the internal input resistors. . 


Input reference current pin. May be used 
instead of VpRer. A 2mA input will give a 8mA 
full scale output. IRef should be used 
instead of VReF in situations where high 
absolute accuracy is required. 


Compensation pin for the input amplifier. 
Should be connected via a 0.014F capacitor 
to ground. 


Am6014 


Internal gain resistor (1.25K) connected to 
lo (+). May be grounded, allowed to float, or 
connected to a 5 volt reference for signed 
magnitude (—10V), unipolar (0 to 10V), and 
bipolar (—5 to +5V) operation. 


Internal gain resistor (1.25K) connected to 
lo (+). Should be connected to external 
op-amp output. External gain resistors 
should be used in situations demanding high 
absolute accuracy. 


DAC output pin carries current when SIGN- 
BIT pin is held HIGH. 


DAC output pin carries current when SIGN- 
BIT pin is held LOW. 


Connections to an internal 625 resistor that 
may be tied between Io (—) and Io (+) for 
sign-magnitude operation. 


Complimentary. DAC output pin carries 
current when the SIGN-BIT is HIGH. This 
current is 7.9995mA less !o (+). 


Figure 1. Typical Output Connections 


Unipolar 0 to 10V True Zero 


Signed Magnitude +10V True Zero 
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Bipolar —5 to +5V True Zero 


S.B. 


Am6014 


Symmetrical Offset +10V No True Zero 


S.B. 


Am6014 








Am6014 


APPLICATIONS 


CRT Graphic Displays Control Systems 
Digital Audio Data Acquisition 
PCM Telephony Data Distributions 


Figure 2. Interfacing Circuits for ECL, CMOS, HTL Logic Inputs 
CMOS, HTL ECL 










2N3904 


2N3904 
ra © TOPIN 18 re 


© TO PIN 18 
Vic Vic 
400nA 6.2k2 


Notes: 1. Set the voltage “A’ to the desired logic input switching threshold. 
2. Allowable range of logic threshold is typically —5V to +13.5V when operating the DAC on +15V supplies. 





Figure 3. CRT DISPLAY DRIVER 


O +120V0C 









60V COMMON 
MODE LEVEL 


“¥” INPUT 





“INPUT 


Am6014 


Notes: 1. Full differential drive lowers power supply voltage. 
2. Eliminates inverting amplifiers and transformers. 
3. Independent beam centering controls. 
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Am6070 


Companding D-to-A Converter for Control Systems 





! 


Distinctive Characteristics 


© Tested to 4-255 companding law 

@ Absolute accuracy specified — includes all errors over 
temperature range 

@ Settling time 300ns typical ar 

@ Idea! for multiplexed PCM, audio, and 8-bit 4-P 
systems 

@ Output dynamic range of 72 dB 

®@ 12-bit accuracy and resolution around zero 





The Am6070 monolithic companding D/A converter achieves 
a 72dB dynamic range which is equivalent to that achieved 
by a 12-bit converter. 


The transfer function of the Am6070 complies with the Bell 
system pu-255 companding law, and consists of 15 linear 
segments or chords. A particular chord is identified with the 
sign bit input, (SB) and three chord select input bits. Each 
chord contains 16 uniformly spaced linear steps which are 








FUNCTIONAL BLOCK DIAGRAM 


CHORD BITS STEP BITS 
8; 8B, B83 Bg 8; Bg By sp OE/D 
O Oo O O 





SELECTOR 


N 


'c 


CHORD AND 


. PEDESTAL 
SOURCES 
1 VR | 


ORDERING INFORMATION* 


Temperature | Accuracy | 
Am607OADM 
OC to 470°C 
OC to +70°C 


*Also available with burn-in processing. To order add suffix B 
to part number. 













GENERAL DESCRIPTION 
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ENCODE/OECODE SELECT: 1 = ENCODE 


MOST SIGNIFICANT CHORD BIT INPUT 


LEAST SIGNIFICANT CHORD BIT INPUT 


Sign plus 12-bit range with sign plus 7-bit coding 
Improved pin-for-pin replacement for DAC-76 
Microprocessor controlled operations 

Multiplying operation 

Negligible output noise sa 
Monotonicity guaranteed over entire dynamic range 
Wide output voltage compliance 

Low power consumption 





determined by four step select input bits. Accuracy and 
monotonicity are assured by the internal circuit design and 
are guaranteed over the full temperature range. 


Applications for the Am6070 include digital audio recording, 
servo-motor controls, electromechanical positioning, voice 
synthesis, secure communications, microprocessor con- 
trolled sound and.voice systems, log sweep generators and 
various data acquisition systems. 












CONNECTION DIAGRAM 









POSITIVE POWER SUPPLY 










SIGN BIT INPUT: 1 = POSITIVE DECODER OUT: E/D SB = 00 









DECODER OUT: E/D SB = 01 






ENCODER OUT: E/D SB =10 





ENCODER OUT: E/D $B = 11 







NEGATIVE POWER SUPPLY 






MOST SIGNIFICANT. STEP BIT INPUT 





SECOND STEP BIT INPUT 





NEGATIVE REFERENCE INPUT 









THIRD STEP BIT INPUT 





POSITIVE REFERENCE {NPUT 









LEAST SIGNIFICANT STEP BIT INPUT THRESHOLD CONTROL 













Top View 
Pin 1 is marked for orientation. LiC-244 








SIMPLIFIED CONVERSION TRANSFER FUNCTIONS 


Decoder Encoder 
Characteristic _ Characteristic 









DIGITAL 
OUTPUT (+) 






ANALOG 
OUTPUT (+} 















DIGITAL 
INPUT (—} 


ANALOG 
INPUT (—} 















ANALOG 


aoe ANPUT (+4 
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INPUT (+) 












ANALOG 
OUTPUT (-) LIC-245 






DIGITAL 
OUTPUT (—) 
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Am6070 
MAXIMUM RATINGS above which useful life may be impaired 


V+ Supply to V— Supply 36V || Operating Temperature 
Vic Swing V— plus 8V to V+ MIL Grade ' —55°C to +125°C 
Output Voltage Swing V— plus 8V to V— plus 36V COM’L Grade 0°C to +70°C 











Reference Inputs V—to V+ | Storage Temperature —65°C to +150°C 
Reference Input Differential Voltage : +18V | Power Dissipation Ta < 100°C 500mWw 
Reference Input Current 1.25mA For Ta > 100°C derate at 10mw/C 
Logic Inputs V— plus 8V to V— plus 36V | Lead Soldering Temperature 300°C (60 sec) 

















GUARANTEED FUNCTIONAL SPECIFICATIONS 


For both groups of 128 steps and over full operating temperature range 





ELECTRICAL CHARACTERISTICS 


These specifications apply for V+ = +15V, V— = —15V, Iper = 528pnA, 0°C < Ty < +70°C, for the commercial grade, —55°C =< Ty = 
+125C, for the military grade, and for all 4 outputs unless otherwise specified. Am6070ADM Am6070DM 

. o Am6070ADC Am6070DC 
Parameter Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units 


To within +1/2 step at Ta = 25°C 
Settling Time output switched from 
Izs to Irs 


Chord Endpoint Accuracy 
Step Nonlinearity Guaranteed by output 


ree current error specified 
Full Scale Current Deviation below. 


From Ideal 


VRer = 10.000V 

Rrer+ = 18.94k0 

Rref— = 20k : 

—5.0V < Vout < +18V 

Error referred to nominal values 
in Table 1. 


Vref = 10.000V 
Rrer+ = 18.94k2 
Rrer = 20k 


-5.0V < Vout < +18V 


: Error referred to nominal values 
: in Table 1 


Additional output 
Encoge CUNent Encode/Decode = 1 
j Measured at selected output. 
Zero Scale Current with 000 0000 input 


Full Scale Drift Operating temperature range 


Full scale current change 
Output Voltage Compliance <1/2 step 

Output leakage a 
Plseble:eurrent Output disabled by E/D and SB 


Output Current Range 


. | Logic “0"'| “0” 
v-= 
Reference Bias Current 
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Output Current Error. 


Full Scale Symmetry Error 
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TOTAL HARMONIC DISTORTION — % 


POWER SUPPLY CURRENT — mA 


. 0.35 
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Versus Frequency (80kHz Filter) 


(Notes 6, 7, 8) 
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. Similar results are obtained for a high input impedance connection using Vp i_) as an input. 
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Reference Amplifier 
Input Common-Mode Range 
(Note 9) 
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REFERENCE CURRENT, Iper¢ —- mA LIC-257 


Increased distortion above 50kHz is due to a slew rate limiting effect which determines the !arge signal bandwidth. For an input of +2.5V peak (25% 


modulation), the bandwidth is 100kHz. 


Positive common mode range is always (V+) —1.5V. 


temperature range. 


. All bits are fully switched with less than a half step error at switching points which are datantesd to lie between 0.8V and 2.0V over the operating 


11. The logic input voltage range is independent of the positive power supply and logic inputs may swing above the supply. 
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ELECTRICAL CHARACTERISTICS (Cont.) 


TABLE 1 
NOMINAL DECODER OUTPUT CURRENT LEVELS IN »A 
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TABLE 2 
IDEAL DECODER OUTPUT VALUES EXPRESSED IN dB DOWN FROM FULL SCALE 
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THEORY OF OPERATION 


Functional Description 

The Am6070 is an 8-bit, nonlinear, digital-to-analog conver- 
ter with high impedance current outputs. The output current 
value is proportional to the product of the digital inputs and 
the input reference current. The full scale output current, Irs, 


is specified by the input binary code 111 1111, andis a linear , 


function of the reference current, Iperf. There are two operat- 
ing modes, encode and decode, which are controlled by the 
Encode/Decode, (E/D), input signal. A logic 1 applied to the 
E/D input places the Am6072 in the encode mode and current 
will flow into the lo¢(+) or Iog(_) output, depending on the 
state of the Sign Bit (SB) input. A logic 0 at the E/D input 
places the Am6070 in the decode mode. 


The transfer characteristic is a piece-wise linear approxi- 
mation to the Bell System u-225 logarithmic law which © 
can be written as follows: 








Y = 0.182n (1 + uw IX!) sgn (X). 


where: X = analog signal level normalized to unity 
(encoder input or decoder output) 
Y = digital signal level normatized to unity 
(encoder output or decoder input) 
p= 255 


The current flows from the external circuit into one of four 
possible analog outputs determined by the SB and E/D in- 
puts. The output current transfer function can be represented 
by a total of 16 segments or chords addressable through the 
SB input and three chord select bits. Each chord can be 
further divided into 16 steps, all of the same size. The step 
size changes from one chord to another, with the smallest 
step of 0.54A found in the first chord near zero output cur- 
rent, and the largest step of 64A found in the last chord near 
full scale output current. This nonlinear feature provides 
exceptional accuracy for small signal levels near zero output 
current. The accuracy for signal amplitudes corresponding 
to chord 0 is equivalent to that of a 12-bit linear, binary D/A 
converter. However, the ratio (in dB) between the chord 





LIC-246 


‘REF = VREF/RREF 
IDEAL VALUES: IREF = 528HA, I¢g = 2007.75uA 
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Figure 1. Detailed Decoder Connections. 
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endpoint current, (Step 15), and the current which corres- 
ponds to the preceding step, (Step 14), is maintained at about 
0.3dB over most of the dynamic range. The difference bet- 
ween the ratios of full scale current to chord endpoint cur- 
rents of adjacent chords is similarly maintained at approxi- 
mately 6dB over most of the dynamic range. Resulting 
signal-to-quantizing distortions due to non-uniform quantiz- 
ing levels maintain an acceptably low value over a 40dB 
range of input speech signals. Note that the 72dB output 
dynamic range for the Am6070 corresponds to the dynamic 
range of a sign plus 12-bit linear, binary D/A converter. 


In order to achieve a smoother transition between adja- 
cent chords, the step size between these chord end points 
is equal to 1.5 times the step size of the lower chord. 
Monotonic operation is guaranteed by the internal device 
design over the entire output dynamic range by specify- 
ing and maintaining the chord end points and step size 
deviations within the allowable limits. 


Operating Modes 


The basic converter function is conversion of digital input 
data into a corresponding analog current signal, i.e., the 
basic function is digital-to-analog decoding. The basic de- 
coder connection for a sign plus 7-bit input configuration is 
shown in Figure 1. The corresponding dynamic range is 
72dB, and input-output characteristics conform to the stan- 
dard decoder transfer function with output current values 
specified in Table 1. The E/D input enables switching bet- 
ween the encode, loe;+) or Iog(—), and the decode, Ion;+) or 
lop(-—), outputs. A typical encode/decode test circuit is shown 
in Figure 2. This circuit is used for output current measure- 
ments. When the E/D input is high, (a logic 1), the converter 
will assume the encode operating mode and the output cur- 
rent will flow into one of the Iog outputs (as determined by 
the SB input). When operating in the encode mode as shown 
in Figure 3, an offset current equal to a half step in each chord 
is required to obtain the correct encoder transfer characteris- 
tic. Since the size of this step varies from one chord to 
another, it cannot easily be added externally. As indicated in 


the block diagram this required half step of encode current, 
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Figure 2. Output Current DC Test Circuit. 
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len, is automatically added to the Io¢ output through the 
internal chip design. This additional current will, for exam- 
ple, make the ideal full scale current in the encode mode 


larger than the same current in the decode mode by 32yA. © 


Similarly, the current levels in the first chord near the origin 
will be offset by 0.25u4A, which will bring the ideal encode 
current value for step 0 on chord Oto +0.25yA with respect to 
the corresponding decode current value of 0.0,A. This addi- 
tional encode half step of current can be used for extension 
of the output dynamic range from 72dB to 78dB, when the 
converter is performing only the decode function. The cor- 
responding decoder connection utilizes the E/D input as a 
ninth digital input and has the outputs Igp(4) and Iog(4) and 
the outputs Iop:_) and Ig _) tied together, respectively. 


When encoding or compression of an analog signal is re- 
quired, the Am6070 can be used together with a Successive 
Approximation Register (SAR), comparator, and additional 
SS! logic elements to perform the A/D data conversion, as 
shown in Figure 3. The encoder transfer function, shown on 
page 1, characterizes this A/D converter system. The first task 
of this system is to determine the polarity of the incoming 
analog signal and to generate a corresponding SB input 
value. When the proper Start, S, and Conversion Complete, 
CC, signal levels are set, the first clock pulse sets the MSB 
output of the SAR, Am2502, to a logic 0 and sets all other 
parallel digital outputs to logic 1 levels. At the same time, the 
flip-flop is triggered, and its output provides the E/D input 
with a logic 0 level. No current flows into the log outputs. This 
disconnects the converter from the comparator inputs, and 
the incoming analog signal can be compared with the 
ground applied to the opposite comparator input. The result- 
ing comparator output is fed to the Am2502 serial.data input, 
D, through an exclusive-or gate. At the same time, the sec- 
ond input to the same exclusive-or gate is held at a logic 0 
level by the additional successive approximation logic 
shown in Figure 3. This exclusive-or gate inverts the com- 
parator’s outputs whenever a negative signal polarity is de- 
tected. This maintains the proper output current coding, i.e., 
all ones for full scale and all zeros for zero scale. 


The second clock pulse changes the E/D input back to a logic 
1 level because the CC signal changed. It also clocks the D 


ANALOG INPUT 
Oo O 


{GROUNDED FOR 
SINGLE-ENDED [~~ — 
INPUTS) +15V 


S 25k2 2.5k2. O 


Am311 


@ 1/4 7486 


1/4 7486 





~15V 


Figure 3. Detailed Encoder Connections. 
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input signal of the Am2502 to its MSB output, and transfers it 
to the SB input of the Am6070. Depending upon the SB input 
level, current will flow into the lo¢(+) or logi_) Output of the 
Am6070. 


Nine total clock pulses are required to obtain a digital binary 
representation of the incoming analog signal at the eight 
Am2502 digital outputs. The resulting Am6070 analog out- 
put signal is compared with the analog input signal after 
each of the nine successive clock pulses. The analog signal 
should not be allowed to change its value during the data 
conversion time. In high speed systems, fast changes of the 
analog signals at the A/D system input are usually prevented 
by using sample and hold circuitry. 


Additional Considerations and Recommendations 


In Figure 1, an optional operational amplifier converts the 
Am6070 output current to a bipolar voltage output. When the 
SB input is a logic 1, sink current appears at the amplifier’s 
negative input, and the amplifier acts as a current to voltage 
converter, yielding a positive voltage output. With the SB 
value at a logic 0, sink current appears at the amplifier’s 
positive input. The amplifier behaves as a voltage follower, 
and the true current outputs will swing below ground with 
essentially no change in output current. The SB input steers 
current into the appropriate (+) or (—) output of the Am6070. 
The resulting operational amplifier’s output in Figure 1 
should ideally be symmetrical with resistors R1 and R2 
matched. 


In Figure 2, two operational amplifiers measure the cur- 
rents of each of the four Am6070 analog outputs. Resistor 
tolerances of 0.1% give 0.1% output measurement error 
(approximately 24A at full scale). The input offset currents 
of the Al and A2 devices also increase output measure- 
ment error and this error is most significant near zero 
scale. The Am101A and 308 devices, for example, may be 
used for A1 and A2 since their maximum offset currents, 
which would add directly to the measurement error, are 
only 10nA and 1nA, respectively. The input offset voltages 
of the A1 and A2 devices, with output resistor values of 
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2.5kQ, also contribute to the output measurement error by 
a factor of 400nA for every mV of offset at the Al and A2 
outputs. Therefore, to minimize error, the offset voltages 
of A1 and A2 should be nulled. 


The recommended operating range for the reference cur- 
rent Ipeg is from 0.1mA to 1.0mA. The full scale output 
current, Irs, is a linear function of the reference current, 
and may be calculated from the equation Irg = 3.8 Ipe_r. 
This tight relationship between Iperf and Irs alleviates the 
requirement for trimming the Ipeg current if the Rpg re- 
sistors values are within +1% of the calculated value. 
Lower values of Ipe¢ will reduce the negative power sup- 
ply current, (I—), and will increase the reference amplifier 
negative common mode input voltage range. 


The ideal value for the reference current Iper = Vrer/Rrer is 
528A. The corresponding ideal full scale decode and en- 
code current values are 2007.75u4A and 2039.75yA, respec- 
tively. A percentage change from the ideal Iper value pro- 
duced by changes in Vrg¢e or Raer values produces the same 
percentage change in decode and encode output current 
values. The positive voltage supply, V+, may be used, with 
certain precautions, for the positive reference voltage Vre_er. 
In this case, the reference resistor Rrer (+) should be split into 
two resistors and their junction bypassed to ground with a 
capacitor of 0.01uF. The total resistor value should provide 
the reference current Ipe¢ = 528uA. The resistor Rrer;_) 
value should be approximately equal to the Rrer,+) value in 
order to compensate for the errors caused by the reference 
amplifier’s input offset current. 


An alternative to the positive reference voltage applications 
shown in Figures 1, 2 and 3 is the application of a negative 
voltage to the Vai_) terminal through the resistor Rrer(_) 
with the Rrer(+) resistor tied to ground. The advantage of 
this arrangement is the presence of very high impedance at 
the Vp (_) terminal while the reference current flows from 
ground through Rpe_r;4) into the Vai+) terminal. 


ECL CMOS, HTL, NMOS 


2N3904 


6 TO PIN 10 
Vic 


400uA 





(See Notes 2 and 3) 


Figure 4. Interfacing Circuits for ECL, CMOS, HTL, 
and NMOS Logic Inputs. LIC-249 


Notes: 2. Set the voltage ‘‘A’’ to the desired logic input switching threshold. 
3..Allowable range of logic threshold is typically —5V to +13.5V when operating the companding DAC on +#15V supplies. 
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The Am6070 has a wide output voltage compliance suit- 
able for driving a variety of loads. With Ipeg = 528A and 
V-— = -15V, positive voltage compliance is +18V and 
negative voltage compliance is —5.0V. For other values of 
Inep and V-, the negative voltage compliance, Voc(_), 
may be calculated as follows: 


Voci-) = (V-) + (26 lReF ¢ 1:5kQ) + 8.4V. 


The following table contains Voc) values for some 
specific V—, Iperf, and I¢g values. 


Negative Output Voltage Compliance Voc(—) 


528uA 1056uA 
(2mA) (4mA) 


The Vic input can accommodate various logic input 
switching threshold voltages allowing the Am6070 to in- 
terface with various logic families. This input should be 
placed at a potential which is 1.4V below the desired logic 
input switching threshold. Two external discrete circuits 
which provide this function for non-TTL driven inputs are 
shown in Figure 4. For TTL-driven logic inputs, the Vic 
input should be grounded. If negative voltages are 
applied at the digital logic inputs, they must have a value 
which is: more positive than the sum of the chosen V— 
value and +10V. 





With a V— value chosen between —15V and —11V, the 
Voci—) the input reference common mode voltage range, 
and the logic input negative voltage range are reduced by an 
amount equivalent to the difference between —15V and the 


- V— value chosen. 


With a V+ value chosen between +5V and +15V, the refer- 
ence amplifier common mode positive voltage range and the 
Vic input values are reduced by an amount equivalent to the 
difference between +15V and the V+ value chosen. 


OUTPUT VOLTAGE (Vv) 
INPUT CODE —— 
(E/D, SB, By,...,B7) | “A” “B" . 
i) 











10 1111117 
10 110 1111 +5.02 
10 000 0000 + +10.00 


N/A 





o1it14ta 
011101111 
01 000 0000 
00 000 0000 
001101111 
001111111 
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Figure 5. Resistive Output Connections. 





Am6070 


ADDITIONAL DECODE OUTPUT CURRENT TABLES 


Table 3 
Normalized Decoder Output (Sign Bit Excluded) 


ce) 
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oe ee ee ey 
WN = 0 
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The normalized decode current, (Ic,s), is calculated using: where lc,g is the corresponding normalized current. To ob- 

lo,s = 2(2°(S + 16.5) — 16.5) tain normalized encode current values the corresponding 
where C = chord number; S = step number. The ideal de- normalized half-step value should be added to all entries in 
code current, (lop), in #A is calculated using: Table 3. 


lop = (Ic, sllz, 15(norm.)) * les (HA) 


Table 4 
Normalized Encode Level (Sign Bit Excluded) 


-—= = ¥ 
- oo @WvNO oF WN | © 


12 


— 
w 





Ic,5 = 2[2° ($+ 17) — 16.5] 


C = chord no. (0 through 7) > 
S = step no. (0 through 15) 
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ADDITIONAL DECODE OUTPUT CURRENT TABLES (Cont.) 


Table 5 
Decoder Step Size Summary 


Step Size 
in vA with 
2007.75uA FS 


Step Size 
Normalized 
to Full Scale 


Step Size 
asa % of 
Full Scale 





Resolution & 

Accuracy of 
Equivalent 

Binary DAC 


Sign + 12 Bits 
Sign + 11 Bits 
Sign + 10 Bits 
Sign + 9 Bits 
Sign + 8 Bits 
Sign + 7 Bits 
Sign + 6 Bits 
Sign+ 5 Bits 


Step Size as a-% 
of Reading at 
Chord Endpoints 


Step Size in 
dB at Chord 
Endpoints 


Table 6 
Decoder Chord Size Summary 


Chord Endpoints 

Normalized to 
Full Scale 

75 

23.25 

54.75 

117.75 

243.75 

495.75 

999.75 

2007.75 


0 
1 
2 
3 
4 
5 
6 
7 


APPLICATIONS 

The companding D/A converter is particularly suited for ap- 
plications requiring a wide dynamic range. 

Systems requiring fine control resulting in a constant rate of 
change or set point controls are economically achieved 
using these devices. 


Instrumentation, Control and u-Processor based applica- 
tions include: 

Digital data recording 

PCM telemetry systems 

Servo systems 

Function generation 

Data acquisition systems 


Chord Endpoints 
in pA with 
2007.75uA FS 





Chord Endpoints 
in dB Down 
from Full Scale 


Chord Endpoints 
as a % of 
Full Scale 


Telecommunications applications include: 
PCM Codec telephone systems 
Intercom systems 
Military voice communication systems 
Radar systems 
Voice Encryption 


Audio Applications: 
Recording 
Multiplexing of analog signals 
Voice synthesis 
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£10V RANGE ENCODER/DECODER 
CONNECTIONS 
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LOW INPUT IMPEDANCE CONNECTION 


DIGITAL INPUTS 


Zin" Fin 


IREF = Vin/Rin + VREF/RREF 
lrg 4° IREF 
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LOGARITHMIC DIGITAL GAIN CONTROL 
(Notes 4 & 5) 


ATTENUATION 
=6dB/CHORD CHANNEL 
= 3dB/STEP SELECT 


By Bg Bs By By By By SB E/D (4) 


i 
YR a 


OP-AMP a 
+ 


LIC-255 


Notes: 4. Low distortion outputs are provided over a 72dB range. 






BASIC CIRCUIT CONNECTIONS 


COMPLIANCE EXTENSION 
USING AC COUPLED OUTPUT 


DIGITAL INPUTS 
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Am6070 
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IDEAL VALUES: 


IREF = 528uA 
leg = 2007.75uA 
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HIGH INPUT IMPEDANCE CONNECTION 


DIGITAL INPUTS 


. Am6070 


IREF = (VReF — VIN)/RREF 
'pg ~4¢ IREF 


By Bg Bs Bg Bz Bz 81 SBE/D 44) 





‘OE (-) 


lop 


Vic 1) 
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REFERENCE AMPLIFIER DYNAMIC TEST CIRCUIT - 


FREQUENCY 
RESPONSE 
TEST 


5. Up to 4 channels of output may be selected by E/D and SB logic inputs. 
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‘SERIAL DATA TRANSCEIVING CONVERTER 
(1/2 OF SYSTEM SHOWN) 
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RECEIVE OUTPUT 
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Notes: . The SAR is used as a serial-in/paralle! out register in the re- 


1. Complementary sendireceive commands are required for the ceive mode. : 
two ends. . CLOCK and START may be connected in parallel at both ends. 


2. START must be held low for one clock cycle to begin a send . Conversion is completed in 9 clock cycles. 
or receive cycle. . Receive output is available for one full clock cycle. 





Metallization and Pad Layout 





























Vrer(+) 











Vrer(—) 
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DIE SIZE 0.080” X 0.114” 
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Companding D-to-A Converter for PCM Communication Systems 





Distinctive Characteristics 


®@ Tested to D3 compandor tracking specification 

@ Absolute accuracy specified — includes al! errors over 
temperature range 

® Settling time 300ns typical 

@ Ideal for multiplexed PCM systems 

® Output dynamic range of 72 dB 


@ Improved pin-for-pin replacement for DAC-86 
@ Microprocessor controlled operations 

@ Multiplying operation 

@ Negligible output noise 

@ Monotonicity guaranteed over entire dynamic range 
@ Wide output voltage compliance 
@ Low power consumption 


GENERAL DESCRIPTION 


The Am6072 is a monolithic 8-bit, companding digital-to- 
analog (D/A) data. converter with true current outputs and 
large output voltage compliance for fast driving a variety of 
loads. The transfer function of the Am6072 complies with the 
Bell System u-255 companding law, Y =.0.18 In (1 +x), and 


consists of 15 linear segments or chords. A particular chord is 
' identified with the sign bit input, (SB), and three chord select 
input bits. Each chord contains 16 uniformly spaced linear 
steps which are determined by four step select input bits. The 
resulting dynamic range achieved with this 8-bit format is 
72dB. Accuracy and monoticity are assured by the internal 
circuit design and are guaranteed over the full temperature 


range. The Am6072 is tested to the Bell D3 channe! bank com- 
pandor tracking specification for pulse code modulation 
(PCM) transmission systems. The application of the Am6072 
in communication systems provides an increased signal-to- 
noise ratio, reduces system signal distortion, and stimulates 
wider usage of computerized channel switching. Other appli- 
cation areas include digital audio recording, voice synthesis, 
and secure communications. When used in PCM communica- 
tion systems, the Am6072 functions as a complete PCM de- 
coder with additional encoding capabilities which make it ideal 
for implementation in CODEC circuits. 





FUNCTIONAL BLOCK DIAGRAM 


CHORD BITS STEP BITS 


8, 82 By 


10F8 
CHORD DECODER 


8 8 8. By 
© O © Oo 


IP 
PEDESTAL 
GENERATOR 


CHORD AND 
PEDESTAL 
SOURCES 


LIC-275 


ORDERING INFORMATION* 


—55°C to +125°C | Conforms to D3 Spec. 
Conforms to D3 Spec. 


Am6072DM 
Am6072DC 


0°C to +70°C 


*Also available with burn-in processing. To order add suffix B 
to part number. - 
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CONNECTION DIAGRAM 
Top View 
D-18-1 









ENCODE/DECODE SELECT: 1= ENCODE 1[ | E/D © v+ > } 18 POSITIVE POWER SUPPLY 


SIGN BIT INPUT: 1=PosiTIVe 2 [_] SB lopi-)|_] 17 DECODER OUT: E/D sB = 00 
MOST SIGNIFICANT CHORD BIT INPUT 3 [_] 1 ‘op(+) [_] 16 DECODER OUT: E/D sB=01 
SECOND CHORD BIT INPUT 4 [| B2 loe(-) [_] 15 ENCODER OUT: E/D SB =10 
LEAST SIGNIFICANT CHORD BIT INPUT 5 [_| 83 ‘oe(+) [_] 14 ENCODER OUT: E/D 8B = 11 
MOST SIGNIFICANT STEP BIT INPUT 6 [ | 84 v— |"] 13 NEGATIVE POWER SUPPLY 


SECOND STEP BIT INPUT 7 [~] Bs Vai-) |_] 12 NEGATIVE REFERENCE INPUT 


THIRD STEP BIT INPUT 8 [—] Bg Va(+) {_] 11 POSITIVE REFERENCE INPUT 


LEAST SIGNIFICANT STEP BIT INPUT 9 Vic [_] 10 THRESHOLD CONTROL 


Top View 


Pin 1 is marked for orientation. LIC-276 


SIMPLIFIED CONVERSION TRANSFER FUNCTIONS 


Decoder 
Characteristic 


_ Encoder 
Characteristic 






OIGITAL 
ANALOG OUTPUT (+) 


OUTPUT (+) 







DIGITAL 
UNPUT (~} 


ANALOG 
INPUT (-} 











ANALOG 


DIGITAL 
INPUT (+} 


INPUT (+) 





ANALOG 


OUTPUT (-} DIGITAL 


LIC-277 OUTPUT (—) 
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Am6072 
MAXIMUM RATINGS above which useful life may be impaired tt 


V+ Supply to V— Supply : 36V | Operating Temperature : 
Vic Swing V— plus 8V to V+ MIL Grade —55°C to +125°C 
Output Voltage Swing V— plus 8V to V— plus 36V COM’L Grade 0°C to +70°C 











Reference Inputs V—to V+ | Storage Temperature __ —65°C to +150°C 
Reference Input Differential Voltage +18V | Power Dissipation Ta < 100°C 500mWw 
Reference Input Current 1,.25mA For Ta > 100°C derate at 10mw/C 
Logic Inputs V—plus 8V to V—plus 36V } Lead Soldering Temperature 300°C (60 sec) 














GUARANTEED FUNCTIONAL SPECIFICATIONS 


ResoJution : +128 Steps 








Monotonicity For both groups of 128 steps and over full operating temperature range 











Dynamic Range 72 dB, (20 log (17, 15/!to, 1)) 


ELECTRICAL CHARACTERISTICS (Note 1) - 


These specifications apply for V+=+15V, V—=—15V, IREF=528uA, O°C<Ta <+70°C, forthe commercial grade, -55°C<Tp 
<+125°C, for the military grade, and for all 4 outputs unless otherwise specified. 


Parameter Description Test Conditions Min. Typ. Max. Unit 


Settling Time To within +1/2 step at Ta = 25°C, 


Output switched from Il7s to Irs 





Chord Endpoint Accuracy 





















































Step Nonlinearity ' 

lEN Encode Current 

Iee(D) VREF = +10,000V 

FS Full Scale Current Deviation from Ideal RREF+ = 18.94k2 See Table 1 for absolute accuracy 
Ips(E) é anke limits which cover all errors related 
. REF— to the transfer characteristic. 
lo(+j—lol-) Full Scale Current Symmetry Error —5V < VouT < +18V 
I25 Zero Scale Current 
Alfs Full Scale Current Drift 
Voc Output Voltage Compliance Output within limits specified by Table 1 
IDIs Disable Current Leakage of output disabled by E/D or SB 








Output Current Range 














































































Logic Input Logic *'0” ‘ 
EET WT) Vic =0V I 
Levels Logic “1 2.0 - — Volts 
lin Logic Input Current VIN = —5V to +18V = a 40 pA 
Vis ; Logic Input Swing V—=-15V —5 - +18 Volts 
IBREF— Reference Bias Current - —1.0 —4.0 pA 
Reference Input Slew Rate 0.12 0.25 _ mA/us 
Power Supply Sensitivity Over Supply Range V+ =+44.5 to +18V, V— =—-15V _ 0.005 0.1 
PSSIfg— (Refer to Characteristic Curves) V— =—10.8V to —18V, V+ =+15V 
It V+ =+4+5V to +15V, V— = —15V, 
Power Supply Current : 
I- les = 2.0mMA 
FS 
PD Power Dissipation ye ee VOUT OY. 


lpg =2.0mA - 





lote 1. Ina companding DAC the term LSB is not used because thé step size within each chord is different. For example, in the first chord around zero (CQ) 
the step size is O.5uA, while in the last chord near full scale (C7) the step size is 64yA. 
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Am6072 
TYPICAL PERFORMANCE CURVES 


Reference Amplifier 

































































































































































Total Harmonic Distortion Reference Amplifier 
Versus Frequency (80kHz Filter) Reference Amplifier Input Common-Mode Range 
(Notes 6, 7, 8) Input Frequency Response (Note 9) 
1.0 +4 3.2 
“ aa “Coo TasTuw twa [11 
; 2 CCITT Me lel 
= So] E 
:  SCICCICAIN 2 Tt 
2 5 4) smatcsicnat J ||| 5 
S Reo 100mV PEAK Arc 
eo 3 —6} (1% MOD ULATION) ra 
5 5-8 3 
= - 
: 2 Cierny 5 
< a- = 
= LARGE SIGNAL Ww —12} (SLEW RATE LIMITED) S 
F 0.002 _ INPUT +5V PEAK 14 SV PEAK 
9 } (50% MODULATION) s (50% MODULATION) 
0.001 a 0 
100 1k 10k = 100k 1M 10M —-14-10 -6 -2 2 6 10 14 18 
FREQUENCY ~ Hz FREQUENCY — Hz REFERENCE COMMON-MODE VOLTAGE 
AT Vper PIN—V 
Output Current Versus 
Power Supply Currents Power Supply Currents Output Voltage 
Versus Power Supply Voltages Versus Temperature (Output Voltage Compliance) 
44 
P 3 a FS a 
E « aet | E| | tree = 1.0ma 
: : : Ee 
3 Fa 5 2 
. 3 i aaa 
: > Es | | | TT trer = 0.5ma 
a. a Oo 5 
5 5 SEEEaEES K 16 Baim 
Z e ca ae GL OS E 12 
WwW 
= = | | 3 os 
() lo} 
& a 04 
0 0 0 
0 2.0 4.0 6.08.0 10 12 14 16 18 20 ~75 —50 0 50 100 150 -14 -10 -6 -2 2 6 10 14 18 
POSITIVE OR NEGATIVE POWER SUPPLY ~ V TEMPERATURE — °C OUTPUT VOLTAGE —V 
Logic Input Current ; 
Versus Input Voltage 
Bit Transfer Characteristics and Logic Input Range Output Full Scale Current 
(Note 10) (Note 11) Versus Reference Input Current 
4 
E 
| 
< “ “ oe 
ER a ALL BITS “HIGH 
4 1 : 
E Land 
— 
a eo wi 
FI 5 2 
a oO 
2 2 “ 
5 3 5 
ro) 8 re 
2 bt 
> 
19) = 
-12 -8 4 0 4 °8 12 16 3 
LOGIC INPUT VOLTAGE — V LOGIC INPUT VOLTAGE — V REFERENCE CURRENT, Incr —mA LIC-289 


Notes: THD is nearly independent of the logic input code. 

Similar results are obtained for a high input impedance connection using Vp(—) as an input. 

Increased distortion above 50kHz is due to a slew rate limiting effect which determines the large signa! bandwidth. For an input of +2.5V peak (25% 
modulation), the bandwidth is 100kHz. : 

Positive common mode range is always (V+) —1.5V. 

All bits are fully switched with less than a half step error at switching points which are guaranteed to lie between 0.8V and 2.0V over the operating 
temperature range. ~- : y 


. The logic input voltage range is independent of the positive power supply and logic inputs may swing above the supply. 


Po PND 


—_ 
= 
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Am6072 
ELECTRICAL CHARACTERISTICS (Cont.) 


TABLE 1 
ABSOLUTE DECODER OUTPUT CURRENT LEVELS IN pA 


CHORD NO. 


7.789 24.048 56.112 120.24 248.49 505.00 1018.02 
8.250 24.750 57.750 123.75 255.75 519.75 1047.75 
8.739 25.473 59.436 127.36 263.22 534.93 1078.34 
25.991 59.998 128.01 264.04 536.10 1080.21 

26.750 61.750 131.75 271.75 551.75 1111.75 
27.531 63.553 135.60 279.69 567.86 1144.21: 

135.79 279.59 567.19 1142.39 
139.75 » 287.75 583.75 1175.75 
5 143.83 296.15 600.80 1210.08 
1.250 10.621 : s 143.56 295.13 598.28 1204.58 
1,500 11.250 . E 147.75 303.75 615.75 1239.75 
1.750 11.917 : 3 152.06 312.62 633.73 1275.95 
1.750 7 : A . . 629.37 1266.76 
2.000 # 7 . F 647.75 1303.75 
666.66 1341.82 
1328.94 

1367.75 

. 1407.69 

1391.13 

1431.75 

1473.56 

722.65 1453.31 

» 743.75 1495.75 
765.47 1539.43 
































1577.68 
1623.75 
1671.16 


E : 831.34 
4.720 17.229 ; 197.97 403.95 815.92 1639.87 
5.000 18.250 97,750 203.75 415.75 839.75 1687.75 
5.296 19.331 46.057 100.604 209.70 427.89 864.27 1737.03 


10 
5.192 18.173 45.424 98.863 205.74 419.50 847.02 1702.05 
5.500 19.250 46.750 101.750 211.75 431.75 871.75 1751.75 
5.826 19.812 48.115 104.721 217.93 444.36 897.21 1802.90 
5.664 19.675 47.367 102.750 213.52 435.05 878.11 1764.23 
6.000 20.250 48.750 105.750 219.75 447.75 903.75 1815.75 
6.356 20.841 50.174 108.838 226.17 460.82 930.14 1868.77 
6.136 20.647 |, 49.310 106.636 221.29 450.59 909.20 1826.42 
6.500 21.250 50.750 109.750 227.75 463.75 935.75 1879.75 
6.885 21.871 52.232 112.955 234.40 477.29 963.07 1934.64 


6.608 21.619 51.253 110.523 229.06 466.14 940.29 1888.60 

7.000 22.250 52.750 113.750 235.75 479.75 967.75 1943.75 

7.415 22.900 54.290 117.072 242.63 493.76 996.01 2000.51 
15 





114.409 236.83 481.68 971.39 1950.79 
417.750 243.75 495.75 999.75 2007.75 
121.188 250.87 “| 610.23 1028.94 2066.38 


Minimum, ideal and maximum values are specified for each step. The minimum and maximum values are 
specified to comply with the Bell D3 compandor tracking requirements. All four outputs are guaranteed, 
the encode outputs being specified to limits a half step higher than those shown above. This takes into 
account the combined effects of chord endpoint accuracy, step nonlinearity, encode current error, full 
scale current deviation from ideal, full scale symmetry error, zero scale current, full scale drift, and output 
impedance over the specified output voltage compliance range. Note that the guaranteed monotonicity 
ensures that adjacent step current levels will not overlap as might otherwise be implied from the minimum 
and maximum values shown in the above table. 














TABLE 2 
IDEAL DECODER OUTPUT VALUES EXPRESSED IN dB DOWN FROM OVERLOAD LEVEL (+3dBmo) 











The —37 dBmo and —50 dBmo output points significant for the Bell D3 system specification can be found 
between steps 11 and 12 on chord 1, and steps 8 and 9 on chord 0, respectively. Outputs corresponding to 
points below —50dB are specified in Table 1 for an accuracy of + a half step. 
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THEORY OF OPERATION 


Functional! Description 


The Am6072 is an 8-bit, nonlinear, digital-to-analog conver- 
ter with high impedance current outputs. The output current 
value is proportional to the product of the digital inputs and 
the input reference current. The full scale output current, Irs, 
is specified by the input binary code 111 1111, and is a linear 
function of the reference current, Ipe¢. There are two operat- 
ing modes, encode and decode, which are controlled by the 
Encode/Decode, (E/D), input signal. A logic 1 applied to the 
E/D input places the Am6072 in the encode mode and current 
will flow into the Iog,+) Or Iog;_) output, depending on the 
state of the Sign Bit (SB) input. A logic 0 at the E/D input 
places. the Am6072 in the decode mode. 


The transfer characteristic is a piece-wise linear approxi- 
mation to the Bell System 4-225 logarithmic law which 
can be written as follows: 


Y = 0.182n (1 + w |X|) sgn (X) 


where: X = analog signal level normalized to unity 
(encoder input or decoder output) 
Y = digital signal level normalized to unity 
(encoder output or decoder input) 
p = 255 


The current flows from. the external circuit into one of four 
possible analog outputs determined by the SB and E/D in- 


puts. The output currenttransfer function can be represented - 


by a total of 16 segments or chords addressable through the 
SB input and three chord select bits. Each chord can be 
further divided into 16 steps, all of the same size. The step 
size changes from one chord to another, with the smallest 
step of 0.5u4A found in the first chord near zero output cur- 
rent, and the largest step of 644A found in the last chord near 
full scale output current. This nonlinear feature provides 
exceptional accuracy for small signal levels near zero output 
current. The accuracy for signal amplitudes corresponding 
to chord 0 is equivalent to that of a 12-bit linear, binary D/A 
converter. However, the ratio (in dB) between the chord 


By Bg Bs Bg 83 Bz B, SB E/D 


VREF (+) 
Am6072 


IREF = VReF/RREF 
IDEAL VALUES: IREF = 528A, Ifg = 2007.75uA 














POSITIVE FULL SCALE 
| 4) ZERO SCALE +1 STEP 
(+) ZERO SCALE 
(=) ZERO SCALE 
(-} ZERO SCALE #1 STEP 
NEGATIVE FULL SCALE 

















—5.019V 





Figure 1. Detailed Decoder Connections. 





~0.0012V | 


endpoint current, (Step 15), and the current which corres- 
ponds to the preceding step, (Step 14), is maintained at about 
0.3dB over most of the dynamic range. The difference bet- 
ween the ratios of full scale current to chord endpoint cur- 
rents of adjacent chords is similarly maintained at approxi- 
mately 6dB over most of the dynamic range. Resulting 
signal-to-quantizing distortions due to non-uniform quantiz- 
ing levels maintain an acceptably low value over a 40dB 
range of input speech signals. Note that the 72dB output 
dynamic range for the Am6072 corresponds to the dynamic 
range of a sign plus 12-bit linear, binary D/A converter. 


In order to achieve a smoother transition between adja- 
cent chords, the step size between these chord end points 
is equal to 1.5 times the step size of the lower chord. 
Monotonic operation is guaranteed by the internal device 
design over the entire output dynamic range by specify- 
ing and maintaining the chord end points and step size 
deviations within the allowable limits. 


Operating Modes 


The basic converter function is conversion of digital input 
data into a corresponding analog current signal, i.e., the 
basic function is digital-to-analog decoding. The basic de- 
coder connection for a sign plus 7-bit input configuration is 
shown in Figure 1. The corresponding dynamic range is 
72dB, and input-output characteristics conform to the stan- 
dard decoder transfer function with output current values 
specified in Table 1. The E/D input enables switching bet- 
ween the encode, Iog(+) Or Iog;_), and the decode, !opi+) or 
lop(—). outputs. A typical encode/decode test circuit is shown 
in Figure 2. This circuit is used for output current measure- 
ments. When the E/D input is high, (a logic 1), the converter 
will assume the encode operating mode and the output cur- 
rent will flow into one of the Io¢ outputs (as determined by 
the SB input). When operating in the encode mode as shown 
in Figure 3, an offset current equal to a half step in each chord 
is required to obtain the correct encoder transfer characteris- 
tic. Since the size of this step varies from one chord to 
another, it cannot easily be added externally. As indicated in 
the block diagram this required half step of encode current, 


By Bg Bg Bg Bz Bz B, SB E/D 


VRiy 
DEVICE 
UNDER TEST 
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OUTPUT 














E/D MEASUREMENT 

1 log (+) (Eg1/R4) 
1 Ioe (-) (Eg1/R) 
0 lop (+) (Ego/R3) 
oO lop (-) | {Eg2/R4) 





Figure 2. Output Current DC Test Circuit. 


3-58 


len, is automatically added to the Io¢ output through the 
internal chip design. This additional current will, for exam- 
ple, make the ideal full scale current in the encode mode 
larger than the same current in the decode mode by 32pA. 
Similarly, the current levels in the first chord near the origin 
will be offset by 0.254A, which will bring the ideal encode 
current value for step 0 on chord 0 to +0.25,A with respect to 
the corresponding decode current value of 0.0uA. This addi- 
tional encode half step of current can be used for extension 
of the output dynamic range from 72dB to 78dB, when the 
- converter is performing only the decode function. The cor- 
responding decoder connection utilizes the E/D input as a 
ninth digital input and has the outputs lop +) and Iog,4+) and 
the outputs Iop;_) and Iog;_) tied together, respectively. 


When encoding or compression of an analog signal is re- 
quired, the Am6072 can be used together with a Successive 
Approximation Register (SAR), comparator, and additional 
SSI logic elements to perform the A/D data conversion, as 
shown in Figure 3. The encoder transfer function, shown on 
page 1, characterizes this A/D converter system. The first task 
of this system is to determine the polarity of the incoming 
analog signal and to generate a corresponding SB input 
value. When the proper Start, S, and Conversion Complete, 
CC, signal levels are set, the first clock pulse sets the MSB 
output of the SAR, Am2502, to a logic 0 and sets all other 
parallel digital outputs to logic 1 levels. At the same time, the 
flip-flop is triggered, and its output provides the E/D input 
with a logic 0 level. No current flows into the log outputs. This 
disconnects the converter from the comparator inputs, and 
the incoming analog signal can be compared with the 
ground applied to the opposite comparator input. The result- 
ing comparator output is fed to the Am2502 serial data input, 
D, through an exclusive-or gate. At the same time, the sec- 
_ Ond input to the same exclusive-or gate is held at a logic 0 
. level by the additional successive approximation logic 
shown in Figure 3. This exclusive-or gate inverts the com- 
parator’s outputs whenever a negative signal polarity is de- 
tected. This maintains the proper output current coding, i.e., 
all ones for full scale and all zeros for zero scale. 


The second clock pulse changes the E/D input back to a logic 
1 level because the CC signal changed. It also clocks the D 


ANALOG INPUT 
O O 


(GROUNDED FOR 
SINGLE-ENDED [~ — — 
INPUTS) 


TS 25k2 


+15V 
2.5kQ O 


Am311 
1/4 7486 






~ 1/4 7486 
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input signal of the Am2502 to its MSB output, and transfers it 
to the SB input of the Am6072. Depending uponthe SB input 
level, current will flow into the log+) or log;_) output of the 
Am6072. : 


Nine total clock pulses are required to obtain a digital binary 
representation of the incoming analog signal at the eight 
Am2502 digital outputs. The resulting Am6072 analog out- 
put signal is compared with the analog input signal after 
each of the nine successive clock pulses. The analog signal 

’ should not be allowed to change its value during the data 
conversion time. In high speed systems, fast changes of the 
analog signals at the A/D system input are usually prevented 
by using sample and hold circuitry. 


Additional Considerations and Recommendations 


In Figure 1, an optional operational amplifier converts the 
Am6072 output current to a bipolar voltage output. When the 
SB input is a logic 1, sink current appears at the amplifier’s 
negative input, and the amplifier acts as a current to voltage 
converter, yielding a positive voltage output. With the SB 
value at a logic 0, sink current appears at the amplifier’s 
positive input. The amplifier behaves as a voltage follower, 
and the true current outputs will swing below ground with 
essentially no change in output current. The SB input steers 
current into the appropriate (+) or (—) output of the Am6072. 
The resulting operational amplifier’s output in Figure 2 
should ideally be symmetrical with resistors R1 and R2 
matched. 


In Figure 2, two operational amplifiers measure the cur- 
rents of each of the four Am6072 analog outputs. Resistor 
tolerances of 0.1% give 0.1% output measurement error 
(approximately 2A at full scale). The input offset currents 
of the Al and A2 devices also increase output measure- 
ment error and this error is most significant near zero 
scale. The Am101A and 308 devices, for example, may be 
used for A1 and A2 since their maximum offset currents, 
which would add directly to the measurement error, are 
only 10nA and 1nA, respectively. The input offset voltages 
of the A1 and A2 devices, with output resistor values of 


CLOCK START 


D 
© +5.0V MSB 
: a 
cL 
Qa c 
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BD 


PR 
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COMPANDING 
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13 
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Figure 3. Detailed Encoder Connections. 
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2.5kQ, also contribute to the output measurement error by 


a factor of 400nA for every mV of offset at the A1 and A2 
outputs. Therefore, to minimize error, the offset voltages 
of Al and A2 should be nulled. 


The recommended operating range for the reference cur- 
rent Ince is from 0.1mMA to 1.0mA. The full scale output 
current, Irs, is a linear function of the reference current, 
and may be calculated from the equation Irs = 3.8 Iperf. 
This tight relationship between Iper and Irs alleviates the 
requirement for trimming the !pe¢ current if the Rpg re- 
sistors values are within +1% of the calculated value. 
Lower values of Ire will reduce the negative power sup- 
ply current, (I—), and will increase the reference amplifier 
negative common mode input voltage range. 


The ideal value for the reference current !per = Vrer/Rreg is 
528A. The corresponding ideal full scale decode and en- 
code current values are 2007.75uA and 2039.75uA, respec- 
tively. A percentage change from the ideal Ipe¢ value pro- 
duced by changes in Vr_er or Rr_erg Values produces the same 
percentage change in decode and encode output current 
values. The positive voltage supply, V+, may be used, with 
certain precautions, for the positive reference voltage Vref. 
In this case, the reference resistor Rrer(+) should be splitinto 
two resistors and their junction bypassed to ground with a 
capacitor of 0.01uF. The total resistor value should provide 
the reference current Iper = 528A. The resistor Rrer(_) 
value should be approximately equal to the Rrer,+) value in 
order to compensate for the errors caused by the reference 
amplifier's input offset current. 


An alternative to the positive reference voltage applications 
shown in Figures 1, 2 and 3 is the application of a negative 
voltage to the Vai_) terminal through the resistor Rrer(_) 
with the Rrer+) resistor tied to ground. The advantage of 
this arrangement is the presence of very high impedance at 
the Vp_) terminal while the reference current flows from 
ground through Rper;+) into the Vai+) terminal. 


LIC-281 
(See Notes 2 and 3) 


Figure 4. Interfacing Circuits for ECL, CMOS, HTL, 
and NMOS Logic Inputs. 


Notes; 2. Set the voltage ‘A’ to the desired logic input switching threshold. 





The Am6072 has a wide output voltage compliance suit- 
able for driving a variety of loads. With Iper = 528A and 
V— = -15V, positive voltage compliance is +18V and 
negative voltage compliance is —5.0V. For other values of 
Iperf and V-, the negative voltage compliance, Voc-), 
may be calculated as follows: ' 


Voc(-) = (V—-) + (2° Iper * 1.5kQ) + 8.4V, 


The following table contains Voci_) values for some 
specific V—, lpeg, and I¢g values. 


Negative Output Voltage Compliance Voc(_) 


264uA | 528uA | 1056uA 
(1mA) (2mA) (4mA) 









—15V —5.8V —5.0V 
~18V —B.8V —8.0V 





The Vic input can accommodate various logic input 
switching threshold voltages allowing the Am6072 to in- 
terface with various logic families. This input should be 
placed at a potential which is 1.4V below the desired logic 
input switching threshold. Two external discrete circuits 
which provide this function for non-TTL driven inputs are 
shown in Figure 4. For TTL-driven logic inputs, the Vic 
input should be grounded. If negative voltages are 
applied at the digital logic inputs, they must have a value 
which is. more positive than the sum of the chosen V— 


value and +10V. 


With a V— value chosen between —15V and —11V, the 
Voci—» the input reference common mode voltage range, 
and the logic input negative voltage range are reduced by an 
amount equivalent to the difference between —15V and the 
V— value chosen. 


With a V+ value chosen between +5V and +15V, the refer- 
ence amplifier common mode positive voltage range and the 
Vic input values are reduced by an amount equivalent to the 


' difference between +15V and the V+ value chosen. 


VRer DIGITAL INPUTS 
+10V 

















INPUT CODE 
(E/D, SB, By,..., 


10 1111111 
10 1101111 
10 000 0000 





if 011111141 
011101117 
01 000 COCO 
00 000 0000 
00 1101111 
OO 111 1111 








Figure 5. Resistive Output Connections. 


3. Allowable range of logic threshold is typically —5V to +13.5V when operating the companding DAC on +15V supplies. 
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ADDITIONAL DECODE OUTPUT CURRENT TABLES 


Table 3 
Normalized Decoder Output (Sign Bit Excluded) 


0 
1 
2 
3 
4 
5 
6 
7 
8 





eae ee eo a 


The normalized decode current, (Ic¢,s), is calculated using: where lc, gs is the corresponding normalized current. To ob- 

Ic,g = 2(2(S + 16.5) — 16.5) tain normalized encode current values the corresponding 
where C = chord number; S = step number. The ideal de- normalized half-step value should be added to all entries in 
code current, (Igp), in uA is calculated using: Table 3. 


lop = (Ic, s/lz, 15¢norm.)) * les (HA) 


Table 4 
Decoder Step Size Summary 


Resolution & 

Step Size Step Size Step Size Step Size in Step Size as a % Accuracy of 
Normalized in pA with as a % of dB at Chord of Reading at Equivalent 
to Full Scale 2007.75uA FS Full Scale Endpoints Chord Endpoints Binary DAC 


Sign + 12 Bits 
Sign + 11 Bits 
Sign + 10 Bits 
Sign + 9 Bits 
Sign + 8 Bits 
Sign + 7 Bits 
Sign + 6 Bits 
Sign + 5 Bits 





Table 5 
Decoder Chord Size Summary’ 


Chord Endpoints Chord Endpoints Chord Endpoints Chord Endpoints 
Normalized to in pA with as a % of in dB Down 
Full Scale 2007.75yA FS Full Scale from Full Scale 
75 
23.25 


54.75 
117.75 
243.75 
495.75 
999.75 
2007.75 
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Notes: 4. Low distortion outputs are provided over a 72dB range. 
5. Up to 4 channels of output may be selected by E/D and SB logic inputs. 
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BASIC CIRCUIT CONNECTIONS 
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APPLICATION INFORMATION 


1. 


To perform a transmit operation cycle the START pulse 
must be held low for one clock cycle; the receive opera- 
tion is performed without the successive approximation 
register, SAR. 

XMT and RECEIVE command signals are mutually exclu- 
sive. 


. Duration of the RECEIVE command signal must 


accommodate the Am6072 settling time plus the sam- 
pling time required by the sample and hold, (S & H), 
circuit used at the CODEC’s analog output. The receiving 
data must not change during this time. 


. A XMT command signal must be issued after a high-to- 


low transition of the CONVERSION COMPLETE, CC, sig- 
nal. Its duration depends on the time required by the 
digital time division switch circuitry to sample the 8-bit 


. parallel transmit data bus. 
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. Data conversion for a transmit operation is completed in9 


clock cycles because the SAR must be initialized before 
every new conversion. Data conversion for a receive op- 
eration corresponds to the Am6072 settling time; the re- 
ceiving and transmit data transfers can be done simul- 
taneously by employing separate transmit and receive 
data buses and utilizing data storage devices for the re- 
ceive data. 

A sample command pulse for a transmit operation can 
coincide with the START pulse; its duration depends on 
the sample and hold circuit used at the CODEC’s analog 
input. 


. Asample command pulse for a receive operation must be 


delayed from a low-to-high transition of the RECEIVE 
‘command signal by an amount equal to the Am6072 set- 
tling time. Its termination can coincide with a high-to-low 
transition of the RECEIVE command signal. 
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APPLICATION INFORMATION 
4. During the receive cycle the successive approximation re- 
1. Before beginning either a transmit or a receive operation, gister, SAR, is acting as a serial-in to parallel-out shift re- 
the START signal must be held low for one complete clock gister, with data supplied from data storage devices. 
cycle. 5. A sarhple command pulse for a transmit cycle must be is- 
2.XMT and RECEIVE command signals are mutually exclu- sued before a XMT command signal; its duration depends 
sive. Their durations must accommodate the time required . onthe sample and hold, S & H, circuit used. 
for conversion of an outgoing or an incoming series of 8 di- 6. A sample command pulse for a receive cycle must be de- 
gital bits, respectively. layed by a time equal to the Am6072 settling time after a 
3. Data conversion for either operation, transmit or receive, is high-to-low transition of the CONVERSION COMPLETE, 
completed in 9 clock cycles. CC, signal occurs. 
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D3 NOISE AND DISTORTION SPECIFICATION 


The Am6072 has a negligible idle channel noise contribution. Signal-to-quantizing-distortion ratio, (S/D), is 
guaranteed to exceed the minimum values specified for D3 channels as follows: 


Input Level 1020 Hz Sinewave S/D, C-Message Weighting 


0 to —30 dBmo 33 dB 
At —40 dBmo 27 dB 
At —45 dBmo 22 dB 


DECODER OPERATION DURING SIGNALLING FRAME 
DIGITAL INPUTS 


Ry 


Vai) 
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Amb072_ OUTPUT 
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The Am6072 can perform the decoding function in a D3 channel bank system. During signalling frames the 
least significant bit, B7, of each 8-bit word is used for signalling messages and only seven bits are used for 
sample coding. In order to minimize the quantizing error during these signalling frames, the Am6072 output 
is increased by a half step from its corresponding decode output value by switching the E/D input from a 
logic level 0 to a logic 1. 
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Am6071 and Am6073 are discontinued devices. References to these devices, and to the A-Law companding curves are supplied for 
reference only. 


03925B-ANA 
3-66 


INTRODUCTION 


Modern electronic systems are replacing many of the analog 
signal processing and transmission functions with digital data 
processing. The use of digital electronics can lead to im- 
provements in system cost, performance, accuracy and relia- 
bility. Digital systems can transmit many signals on the same 
line in a multiplexed mode and do not suffer from the same 
kinds of noise and crosstalk problems that are inherent in 
analog systems. The digital processing of analog information 
requires conversion of the analog signal into digital form and 
the reverse conversion of the digital result back into an analog 
signal. Analog to digital converters, (ADC), and digital to 
analog converters, (DAC), perform these functions. The DAC 
is the key circuit element in both of these processes since it is 
used in a feedback loop to generate the ADC function. 
Monolithic technology has advanced dramatically in the last 
few years making low cost 8-bit DACs a reality today; in the 
near future, 10 and 12-bit monolithic DACs will also become 
available. This trend in DAC technology will help accelerate 
the trend toward more digital. processing and transmission of 
analog information. 


Many analog signals vary in amplitude from very small values 
to very large values. The dynamic range of a converter is a 
measure of. its ability to handle a wide range of input 
amplitudes and is defined as the ratio of the largest resolvable 
signal (Vin max.) to the smallest signal (Vj, min.) that can be 
handled. This ratio is often expressed in decibels using the 
conversion formula 20 log (Vijjmax/Viymin). Linear DACs re- 
solve a ratio of 2:1, (n equals the number of bits), or n * 6dB. 
An 8-bit linear DAC, for example, resolves a ratio of 256:1 or 
48dB. 


The accuracy of a converter is a prime concern in most appli- 
cations. Accuracy is generally specified with respect to the full 
scale output (as a percent of full scale) or to the smallest step 
size (i.e., +1/2LSB refers to +1/2 of the smallest step size). 
Linear converters tend to be more accurate as the number of 
steps increases because the step size decreases. Many sys- 
tems require high accuracy as a percent of the input signal 
level rather than as a percent of full scale. The accuracy as a 
percent of input signal level (reading) decreases as the signal 
level decreases because the amount of error is constant. An 
8-bit linear DAC with an accuracy of .2% of full scale (+1/2 
LSB) has an accuracy of .2% of reading for input signals 
near full scale, but an accuracy of only 20% of reading for an 
input near 1% of full scale. 


For many types of applications, the accuracy and dynamic . 


range of an 8-bit linear DAC are sufficient. However, there are 
many classes of problems that require a wider dynamic range 
to handle signal ratios of several thousand to one. Voice 
processing, speed control and music synthesis fall into this 
category. A 12-bit linear DAC provides a wider dynamic 
range, 72dB, and higher accuracy than an 8-bit linear DAC. 
However, these devices are very expensive, and, furthermore, 
it turns out that while most applications require the dynamic 
range of the 12-bit linear DAC they do not require its ac- 
curacy. A nonlinear DAC can provide such performance with 
fewer digital bits. It does so by using a nonlinear transfer 
characteristic to compress an analog signal into a digital word, 
and a complementary transfer characteristic to expand the 
digital values into analog signals with a wide dynamic range. 


An 8-bit nonlinear DAC can achieve a 72dB dynamic. range 
with accuracy expressed as a percent of reading that ranges 
from 1.6% to 3.2% over the entire dynamic range of the de- 
vice. The overall nonlinear analog to digital and digital to 


Companding DAC 


analog conversion procedure is called the companding pro- 
cess. This note will discuss the Am6070 family of Compand- 
ing DACs and their applications. 


Companding Principles 


Companding transfer functions were originally developed to 
satisfy the requirements of telephone voice communication 
systems. Studies of speech signals have shown that the dis- 
tribution of amplitudes covers a range of several thousand to 
one and that the lower. amplitude signals occur more often 
than the large amplitude signals. More attention should, there- 
fore, be paid to the low level signals. It is important to main- 
tain a better signal to distortion ratio (the ratio of signal level 
to conversion error) for low level signals at the expense of a 
poorer ratio for the less probable high level signals. In order 
to accomplish this goal, a logarithmic type of transfer charac- 
teristic is used with more steps at low levels and fewer steps 
at high levels. 





A true logarithmic function has a discontinuity at zero and 
thus cannot be used directly for signal compression. A modi- 
fied transfer characteristic with the form “log (1+x)” can be 
used to smooth the characteristic near zero. Two popular 
schemes have been developed — the y-law by the Bell sys- 
tem for use in U.S. telephone systems and the A-law by the 
CCITT for use in European systems. They can be described 
by the following mathematical equations: 


p-Law: Y = 0.18 In (1+| X|) sgn (X) 
A-Law: Y = 0.18 (1 + In (A|X|)) sgn (X), 1/A < |[X|=< 1 
Y = 0.18 (A|X|) sgn (X), 0 <|x|< 1/A 


where: X = analog signal level normalized to unity 
(encoder input or decoder output) 
Y = digital signal level normalized to unity 
(encoder output or decoder input) 
pw = 255 and A = 87.6 


Both functions require that the size of the analog output 
change increase for each increasing digital code. In order to 
implement such a function, an overly complex analog circuit 
would be needed. This requirement is met, instead, by a 
piecewise linear approximation. In this approximation, an 8-bit 
digital word generates 256 analog outputs with a transfer 
characteristic which is symmetrical about the origin. Figure 1 
shows the y-law and A-law transfer characteristics and the 
linear 8-bit DAC transfer characteristic. The positive 128 steps 
are divided into 8 segments or chords of 16 steps each, from 
step 0 to step 15. The step size is constant within a chord 
and doubles for each increasing chord. If the step size in the | 
first chord, chord 0, is assigned a value of 1,:the next chord, 
chord 1, has a step size of 2, chord 2 has a step size of 4, 
etc. The last chord has a step size of 128 units and ends 
roughly at the value 4000. The 128 steps represent a 7-bit 
digital word with a dynamic range of 72dB, 20 log (4000:1), 
which is equivalent to the dynamic range of a 12-bit linear 
DAC. 


The above description describes the y»-law curve. The A-law 
differs from the y-law only in the first two chords. The step 
size in the A-law DAC does not change between the first and 
second chords, but doubles in all succeeding chords. The 
A-law DAC has a 1/2 step offset at zero so that the positive 
and negative zero codes do not generate the same point. The 
A-law DAC has a dynamic range of 62dB which is equivalent 
to an 11-bit linear DAC. 
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‘Fig. 1. Transfer Functions for u.-Law and A-Law Decoders. 


Analog to Digital Conversion Using DACs 


A digital input word to a DAC corresponds to an exact and 
unique analog output level. The total number of discrete out- 
put levels, m, depends on the number of DAC binary inputs, 
(m=2", n = number of input bits), and each output level is 
specified to be within a certain error band of its ideal value. 
An analog input to an ADC, on the other hand, may have an 
infinite number of signal levels which must be represented 
with only a finite number of digital output combinations. The 
output code, ideally, identifies the digital word that most 
closely represents the analog input. The classical way to gen- 
erate a fast ADC function is to use a DAC in a feedback loop 
together with special ADC logic, employing a comparator and 
a successive approximation register (SAR). The feedback 
loop compares the DAC output with the analog input and de- 
cides whether. the digital code is greater than or less than the 
input to the DAC. The input to the DAC is then increased or 
decreased accordingly, and another comparison is made. This 
technique causes each bit to be changed one at a time, and, 
by comparing the DAC’s output with the analog input, the 
value of that bit is determined. Modification of one bit at a 
time, starting with the most significant bit and ending with the 


The overall transfer characteristic of the entire ADC system is 
shown in Figure 2a. The ADC logic approximates the input 
analog signal by rounding off to the closest lower digital value. 
The maximum uncertainty in the digital representation of the 
analog input will be a full bit. In order to.reduce this uncer- 
tainty, the ADC transfer curve can be modified to round to the 
nearest digital code, instead of the lowest, by adding a half 
step offset to the characteristic as shown in Figure 2b. The 
ADC now changes its outputs for analog inputs halfway be- 
tween digital code points and gives a reading with +1/2 step 
uncertainty. The half step offset necessary for better ADC ac- 
curacy is easily provided by increasing the DAC’s analog out- 
put level by a half step whenever. the DAC is used in an ADC 
scheme. This additional half step is easy to generate with 
linear DACs because of their constant step size throughout 
the entire dynamic range. For a Companding DAC this addi- 
tion is much more difficult since the step size varies with sig- 


nal value. In order to alleviate this problem, the Companding 


least significant bit, leads to an output which with each suc- ~ 
cessive bit becomes a closer approximation of the input level. _ 


A total of n comparisons are needed for an n-bit converter. 
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DAC has a built in capability to produce an appropriate half 
step offset signal at its output by a logic command. When this 
command input (E/D pin) is at logic 0, the Companding DAC 
is in the decode mode and the output will not contain the half 
step offset current. When the command input is at logic 1, the 
DAC is in the encode mode, i.e., within an ADC scheme, and 
the output current is increased by the correct half step for any 
input mode. 


al 
= 
z 
S 
a 
a 
< 
= 
9 
a 
bE 
2 
a 
bE 
2 
ro) 


INPUT ANALOG SIGNAL 
a. Without Input Offset Signal. 


Companding DAC 


OUTPUT DIGITAL SIGNAL 


INPUT ANALOG SIGNAL 


b. With a 1/2 Step Offset Signal. 





Fig. 2. Transfer Characteristic of an A to D Conversion System. 


Companding DACs in Industrial Systems 


Companding DACs differ from linear DACs in output dynamic 
range, transfer function, and the size of intermediate output 
steps. Comparable 8-bit linear DACs, such as the popular 
AmDAC-08, have a linear transfer characteristic with 256 
linear steps, where each step is 8uA in size. The AmDAC-08 
has a dynamic range of only 48dB while the 8-bit Com- 
panding DAC, (Am6070), has an output dynamic range of 
72dB, which is also achievable with a 12-bit linear DAC. The 
output current increments of the Companding DAC, corres- 
ponding to small output signals, are significantly smaller than 
8A, which is the step size for the AmDAC-08. The step sizes 
in the first four chords of the Companding DAC transfer func- 
tion are 0.5uA, 1.0uA, 2.0uA, and 4.0uA, respectively, with a 
total of 64 steps and a current value at the end of the fourth 
chord of approximately 1004A. By comparison, the AmDAC- 
08 uses only 12 uniform steps to resolve a 100A output cur- 
rent level. 


Given the assumption that most industrial systems employ an 
8-bit digital data bus, the 8-bit DAC is a logical choice for 
interfacing with these systems. Companding DACs can be 
used in the same general applications as the AmDAC-08, particu- 
larly for reconstruction of analog signals with dynamic ranges that 
exceed 48dB. One example is the measurement of gas or liquid 
pressure, in an industrial environment, by pressure transducers 
with a pressure range of 0 to 3000PSI. Another example is digital 
recording of sound signals which usually exhibit a very large 
dynamic range. 


The Companding DAC’s togarithmic-like nonlinear transfer 
function suggests the application of this device for simulation 
of nonlinear waveforms which can be generated by converting 
a sequence of bytes, from an 8-bit processor, into an analog 
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AMPLITUDE 
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signal with an exponential shape. This type of signal can be 
used in nonlinear control systems such as motor velocity con- 
trollers. Additionally, the high resolution and accuracy of the 
Companding DAC transfer function, for small output signal 
levels, provide a very smooth and precise analog contro! sig- 
nal to devices whose outputs are voltage or current depen- 
dent. 


In general, the Companding DAC should be used in any sys- 
tem where a large dynamic range is needed. Such systems 
include servo motor controls, electromechanical positioning, 
voice and music synthesis and recording, secure communica- 
tions, log sweep generators, digital contro! of gain and attenu- 
ation, and microprocessor controlled signal generation. 


Companding DACs in PCM Transmission Systems 


The companding laws were developed to satisfy the require- 
ments of the telephone system for the digital transmission of 
voice signals. Voice signals exhibit a dynamic range of sev- 
eral thousand to one. To transmit this information with 8-bit 
words and retain reasonable accuracy at low levels, a com- 
panding transfer characteristic must be used to compress the 
analog signal prior to transmission and to restore the original. 
signal after reception. The transmission of an analog signal in 
a digital format involves sampling, quantizing (A to D conver- 
sion), and compressing the analog signal as shown in Figure 
3. The receiver must perform the complementary functions of 
expansion, digital to analog conversion and filtering to restore 
the analog signal waveform. The entire procedure is known as 
pulse code modulation, (PCM), and is the prevalent technique 
for digital transmission in communication systems. Currently, 
the Bell «-law is the standard in the United States and the 
CCITT A-law is the standard in Europe. 
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Fig. 3. Pulse Code Modulation Example. 
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Fig. 4 One-Way PCM Transmission System Block Diagram. 
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Fig. 5. One-Way PCM Transmission System Implemented with Companding DAC. 


A simplified block diagram of a PCM transmission system is 
shown in Figure 4. The analog signal must be sampled at a 
rate that is at least twice as fast as the-maximum bandwidth 
of the system, (3.4KHz), in order to achieve satisfactory signal 
reproduction at the receiver site. (This requirement is based 
on the Nyquist sampling theorem.) The telephone system 
uses a sampling rate of 8kHz which allows 125us between 
samples. During this time the entire signal sampling, quan- 
tizing, encoding, and multiplexing must be completed. 


“The companding DAC is a complete PCM decoder (receiver) 
that performs both the decoding and D/A conversion. The 
DAC has additional encoding capabilities which make it very 
attractive for use in CODECs (a CODEC is both an Encoder 
and Decoder). The transfer characteristics of this device 
closely follow the characteristics defined by the p-law, 
(Am6072). A typical connection of a Companding DAC in a 
PCM transmission system is shown in Figure 5. In the trans- 
mitter side, the Companding DAC operates in a feedback loop 
using an SAR to perform the data encoding function. The cor- 
responding logarithmic transfer curve for the entire feedback 
loop portion of the transmitter is also shown in Figure 5. The 
value of the sampled signal is estimated by a series of 9 itera- 
tions until its appropriate quantized digital representation ap- 
pears at the 8-bit parallel! data output of the SAR. This 8-bit 
digital code will be transmitted to the digital inputs of another 
Companding DAC for the decoding operation. The input/output 
transfer function for the Companding DAC is also shown in 
Figure 5. ; 


The Companding DAC can be used in PCM decoders, en- 
coders or complete CODECs. It is a high speed device that is 
capable of handling more than one channel in a multiplexed 
system. In multi-channel systems Companding DACs can be 
configured in a variety of ways depending on the number of 
channels, the method of transmission, (serial or parallel data), 
and synchronization of the system. A single Companding DAC 
can be used, for example, to decode all 24 channels in a 
_ Standard Bell D3 data bank. 


COMPANDING DAC CIRCUIT DESCRIPTION 


General Circuit Description 


The basic function of the 8-bit, Companding DAC is to convert 
a digital input value into an analog output current. The output 
current is a function of the digital data inputs and the input 
reference current. The full scale current, Irs, is generated by 
the 7-bit data input binary code 111 1111, and is a linear 
function of the reference current, Iper. There are two oper- 
ating modes, Encode and Decode, which are controlled by the 
Encode/Decode, (E/D), digital control signal. The output 
dynamic ranges achieved with the sign-plus-7-bit Companding 
DACs are 62dB (A-law) and 72dB (xu-law) which correspond 
to the output. dynamic ranges of sign-plus-11-bit and sign- 
plus-12-bit linear binary DACs. Digital data and control inputs ~ 
provide for easy digital control of converter operations in 
computer based data conversion systems. 
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The internal device design assures the accuracy and 
monotonicity of the Companding DAC over the entire dynamic 
and temperature ranges by maintaining the chord end points 
and step size deviations within allowable limits. Parametric 
deviations and requirements can be expressed in terms of 
corresponding step: fractions which are applied throughout the 
entire output dynamic range. In industrial environments it is 
customary to specify allowable deviations from ideal paramet- 
ric values within + half a step. However, the u-law and A-law 
based PCM communication systems specify the output cur- 
yent deviations in terms of dB, with respect to Ips. Further- 
more, these communication requirements in dB cannot be 
translated to some reasonable “step fraction” deviation which 
will be common for the entire output dynamic range. Con- 
sequently, Companding DACs applied in communication sys- 
tems must be tested against specific output current values 
. which are calculated separately for each step of the transfer 
characteristic. This difference between communication and in- 
dustrial Companding DAC devices is recognized by Advanced 
Micro Devices which offers u-law devices for both the industrial 
market, Am6070 and the telecommunication market, Am6072. 


These Companding DACs are manufactured in an 18-pin 
package. There are seven digital data inputs, (B1 through 
B7), two contro! digital input signals, (SB, E/D), and four 
analog current outputs, (lop(+)» lopi—)» loe+): loe;—)). The 
maximum output current value or full scale current, Ips, is de- 
termined by the value of the reference current, Ipe¢, supplied 
to the Companding DAC via two analog reference inputs, 
(Vp(4) and Vai_)). There are three power supply connections 
(V-, V+ and Ground). . 
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Detailed Circuit Description 


The block diagram of the Companding DAC is shown in Fig- 
ure 6. The circuit consists of the following five major blocks: 


e The chord generator produces the total current for each 
chord or segment of the curve. 

e The pedestal generator generates the pedestal or starting 
point for each chord. 

@ The step generator generates the proper step current for 
each chord. ; ; 

@ The chord decoding logic decodes the chord inputs and 
controls the inputs to the pedestal and step generator cir- — 
cuits. é 

@ The output switching matrix sums the step and pedestal 
currents and routes them to the proper output node. 





To understand the circuitry of the Companding DAC it is im- 
portant to understand how the companding curve is gener- 
ated. The companding curve is a piecewise linear approxi- 
mation of an exponential characteristic. It consists of 16 linear 
segments centered around the origin. The curve is symmetri- 
cal around the origin so we need only examine the positive 
portion of the curve. Each segment or chord consists of six- 
teen steps, step O through step 15, and the size of each step 
doubles as the chord number increases. In order to smooth 


. out the characteristic as the chords change, the step current 


value for the first step of each higher chord, step'0, is set to 
be 1 1/2 times larger than the step current values in the lower 
chord. The succeeding fifteen steps, step 1 to step 15, are 2 
times larger than steps of the previous chord. Figure 7 shows 
a detailed synthesis of the companding function. The first 


By 


PEDESTAL 
SELECTOR & 
GENERATOR 


CHORD 
CURRENT 
SOURCES 


Note 1: Ign contributes to Ig only in the encode mode specified by E/D = “1”. 





Fig. 6. Companding DAC Functional Block Diagram. 
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Fig. 7. Construction of «.-Law Transfer Function. 


chord, CO, is generated from a current source, I¢g. The sec- 
ond. chord, C1, starts at current Ip,, (known as the pedestal 
current), and is generated from a current source, Ic¢1, which is 
twice the value of Ic¢g. The next chord current source, Ico, 
starts at a pedestal current Ip2 and has a total value equal to 
four times Ic9. This process continues pith each chord N hav- 
ing a total chord current equal to 2% Ico and starting at,a 
pedestal current which equals the summation of a) currents in 
the lower chords: 


2 


N-1 
lpn = (lom + 1.5¢Iy) = 16.5 ‘a Im» (Ipo = 0), 


where In is the step current value in chord M. 


IREF 
0.528mA 





The generation of the pedestal current by summing the lower 
chords ensures monotonic behavior in the transition between 
chords. The selection of the proper step within the given 
chord is accomplished by routing the chord current, Ion, 
through a step generator which chooses the proper fraction of 
the chord current necessary to generate the selected number 
of steps. The resulting net output current Igy7, can be ex- 
pressed ih terms of step currents, ly, corresponding to the 
chord N: 


N-1 
lour = lpn + Sely = (16.5 Fe Im) + S* In; (Ipo = 0), 
=0 


step number 
“7: 


where S = 
number = 0, 1 


15 and N chord 


0, 1,..., 


The circuit has 9 digital inputs, an 8-bit word and a control bit. 
The 8-bit digital input word is broken into three parts. The first 
bit is the sign bit and specifies whether the output lies in the 
positive or negative portion of the curve. The next three bits 
define which of the 8 chords is to be selected. This three bit 
field has a value designated as N which is between 0 and 7. 
The last four bits specify one of the sixteen steps and has a 
value equal to S. The control bit is the E/D signal which con- 
trols the output switching. 


The chord generator is the key element in the DAC. It must 
generate eight binary weighted chord currents and is similar 
to an 8-bit linear DAC. The detailed schematic, shown in Fig- 
ure 8, shows a master/slave ladder arrangement biased from 
a reference amplifier and transistor. The reference amplifier 
forces the base voltage of the reference transistor, (Qo), to 
the value required to sink the reference current. This voltage 
will bias the master ladder so that Q1 runs at 2Iper, Q2 at 
lreF, Q3 at .Selper, and Q4A and Q4B at .25*lper each. The 
slave array uses a binary weighted resistor array to generate 
the lower four chord currents by dividing the current from 
Q4B. An 8-bit linear DAC does not require the resistor array 
in the slave ladder but the Companding DAC does, in order to 
ensure 12-bit linearity in Chord 0. The LSB current in an 
AmDAC-08 is 84A +4yzA while the Chord 0 current source in 
an Am6070 has a value of 8uA +.5pA. 


0.132 
mA 


66 
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Fig. 8. Chord Current Generator Diagram (Indicated current values correspond to the y.-law DAC). 
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EXAMPLE: I¢g = 8.25y.A 
(8.25uA = 33 X 0.25yA) 





Fig. 9. 4.-Law Step Current Generator. 


0.54A 
(4 STEPS) (STEP 1y)) (1/2 STEP) 


EXAMPLE: Ico = 16uA 
(162A = 32 X 0.5) 





Fig. 10. A-Law Step Current Generator. . 


The chord select inputs, B1, B2, B3, control a one of eight monotonicity and linearity specifications without the use of 


decoder that selects one of the chords, routes that chord cur- emitter resistors. The four step bit inputs can choose from 0 
rent source to the step generator and switches all the lower to 15 steps to be switched into the output summing network. 
order chord current sources to the pedestal generator. The 1/2 step current is used as the encode offset current in 

the encode mode and will track the value of the chord current. 
The step generator for the w-law characteristic is shown in de- When the transition to the next chord is made, the full chord 
tail in Figure 9. This circuit divides the total chord current current is switched to the pedestal generator causing a 
source, Icon, into 33 equal parts, and the step current value, change in the output of 1.5 steps, i.e., from 15 steps to 16.5 
In, iS equal to 2/33 of the chord current source. The 33 parts steps. The step selector uses a fully differential current switch 
accommodate the required 1.5 step transition between to ensure high speed performance. This switch does not re- 
chords, so that the total internal chord current source is equal quire capacitive charging and discharging of low current 
to 16.5 steps. The step generator is similar to a four bit DAC nodes and has a nearly constant 40ns propagation delay over 
but has six current source outputs to generate 8, 4, 2, 1, 1 the dynamic range of the varying chord currents, from the first 
and 1/2 step currents. This current division can be done using step current on chord 0 of .54A to the last step current on 
emitter area scaling with enough accuracy to meet the chord 7 of .5mA. 
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The output summing network sums the outputs of the pedes- 
tal generator, step generator, and encode current, and routes 
the current to the output selected by the combination of SB 
and E/D. If the E/D input is high, the encode current, len, is 
summed with the step and pedestal currents and is routed to 
log(+), if SB is 1, or to Igg,_), if SB is 0. If E/D is low, only the 
step and pedestal currents are summed and sent to the out- 
put; the output current is routed to lop+) Or Iop—) depending 
on the state of SB. Only one output will be active and the 
other outputs will be in a high impedance, off, state. 


_ Generation of the u-Law and A-Law Characteristics 


The p-law and A-law devices have similar characteristics 
which differ in the chords near zero. In the yu-law device, the 
step size doubles when chord 0 ends and chord 1 begins and 
the first step of chord zero is equal! to zero, and the points for 
positive and negative zero are the same. In the A-law curve, 
the step size does not change between chord 0 and chord 1. 
The first two chords are colinear and the step size does not 
start doubling until chord 2. Additionally, the A-law curve has 
a 1/2 step offset at the zero point so that positive and nega- 
tive zero are not equal. These differences in the two com- 
panding laws are relatively minor and the two laws can: be 
generated from the same integrated circuit with only minor 
modifications. 


The y-law curve is generated using the earlier described step 
generator. If step size in the first chord is set to be .5uA, the 
internal chord 0 current source must be 8.25A (16.5 x .5uA). 
Each succeeding internal chord current source doubles in 
value so that the last two chord current sources are 528A 
and 1056.A. The reference current is equal to 1/2 the largest 
current source, so the required reference current is 528uA. 
The full scale output current can be calculated by summing all 
the internal current sources and subtracting 1.5 steps from the 
most significant chord, because the full scale current output 
requires only 15 steps out of the available 16.5 steps to be 
switched into the output. This gives a full scale current of 
2007.75uA. The output current for -any point on the com- 
panding curve can be calculated in terms of the internal chord 
0 source, 8.25uA, and its step value, .54A, using the follow- 
ing formula: 


In,s = (2% — 1) *8.252A) + (S* 2N + Sua) 
TABLE 1 


NORMALIZED A-LAW DECODER OUTPUT 
(SIGN BIT EXCLUDED) 






CHORD (C) 
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where N represents the chord number and S the step 
number. The first term represents the pedestal current value; 
the second term the value of the steps in the selected chord. 


The A-law curve is generated by using the step generator 
shown in Figure 10. The internal chord current source is di- 
vided into 32 equal parts with current source values of 8, 4, 2, 
1, 1/2 and 1/2 steps. The zero offset is generated by sum- 
ming a 1/2 step current with the output of the step generator 
independent of input code. The range of output values of the 
step generator is from 1/2 step to 15.5 steps, and the internal 
chord current source has a value equal to 16 steps. The 1.5 
step transition is accomplished by switching the total internal 
chord current source to the pedestal generator, i.e., adds 1/2 
step, (the encode current ley), and summing the 1/2 step 
offset current from the next higher chord, which is the same 
as one step on the lower chord. 


The A-law Companding DAC doubles the size of the chord 0 
current source !cg from the -law I¢g value by connecting the 
collector of Q8B to Q8A instead of its base as indicated in 
Figure 8, so that it is equal to the chord 1 current source. The 
reference current is adjusted to set the first chord step size to 
1A and the internal chord 0 current source value to 164A. 
The last two chords will have internal current source values of 
512uA and 1024y4A each. The reference current required to 
bias the chord generator is 512A. The full scale output cur- 
rent can be calculated by summing all the internal chord cur- 
rent sources and subtracting 1/2 step from the last chord, be- 
cause only 15.5 steps of the 16 steps in the last chord are 
switched to the output. The full scale current is nominally 
2016uA. The current at any point on the A-law companding 
curve can be calculated by using the following formula: 


Ing = (2S+1) © 5A, for N=0, and 
= (2N-1 6 16.5uA) + (2N7" © S* 1A), forN > 1. 


Output Current Tables 


All.output current values on the A-law transfer characteristic 
curve are higher than corresponding u-law current.values, be- 
cause of the larger step sizes in chord 0 for the A-law charac- 
teristic. The different step sizes in chord 0 were originally 


_Ssuggested by the International Telegraph and Telephone 


TABLE 2 
NORMALIZED p-LAW DECODER OUTPUT 
(SIGN BIT EXCLUDED) 

















TABLE 3 
IDEAL A-LAW DECODER OUTPUT VALUES EXPRESSED 
IN dB DOWN FROM OVERLOAD LEVEL (+3dBmo) 











Consultive Committee (CCITT), in its recommendation for the 
encoding laws in Pulse Code Modulation communication sys- 
tems for voice frequency signals of commercial quality. 


This recommendation contains several different tables with in- 
formation for A-law and p-law encoding requirements. The 
most important pair of tables contain all 128 distinctive de- 
coder output current values expressed in normalized units. 
The normalized current output values for A-law and p-law 
Companding DACs are presented in Tables 1 and 2, respec- 
tively. Step 0 of chord 0 in the A-law table is equal to the 
value of one normalized unit, whereas the corresponding 
normalized zero current value in the u-law table is zero. The 
actual size of this normalized unit is NOT REQUIRED TO BE 
THE SAME for A-law and for y-law, ‘and entries in Tables 1 
and 2 should not be used for any comparison of the two en- 
coding laws. Each table, independently, provides the infor- 
mation for a particular encoding law about required relation- 
ships between the output current magnitudes. In addition, the 
input data coding for Table 2, which contains entries for the 
u-law normalized output values, is the one’s complement of 
the input data codes suggested by the original CCITT and 
Bell D3 specification. However, data input coding shown in 
Tables 1 and 2 is accepted as standard input data coding in 
order to have consistent data coding for u-law and A-law 
Companding DACs. The maximum normalized current values 
in Tables 1 and 2 are 4032 and 8031, respectively, and these 
values can be easily derived by summing all of the 128 nor- 
malized steps. 


Additional conditions beyond the two maximum normalized 
values are related to the ratios, in wA, between the 
amplitudes corresponding to full scale current values, and. the 
amplitudes of output currents which are chosen as the refer- 
ence outputs for A-law and for »-law decoding devices. These 
reference outputs are generated as sinusoidal waveforms of 
1kHz by applying a periodic sequence of eight 8-bit data 
words at the Companding DAC’s inputs at an 8kHz rate. 
These sequences are specified separately for both encoding 
laws. The signal level at the peaks of these reference 
sinusoidal waveforms is chosen as the reference OdB level. 
This level is implied to be the same for both encoding laws. 
The dB levels, calculated by using the peaks of the 1kHz 
sinusoidal waveforms with amplitudes which correspond to the 
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TABLE 4 
IDEAL p-LAW DECODER OUTPUT VALUES EXPRESSED 
IN dB DOWN FROM OVERLOAD LEVEL (+3dBmo) 























theoretical maximum output current values, are specified to be 
+3.14dB and +3.17dB above the common reference level for 
the A-law and p-law decoding devices, respectively. The 
small difference in the specified theoretical maximum output 
current levels implies a very small difference between actual 
full scale current values for A-law and y-law decoders. In 
practice, the actual level for the full scale output current val- 
ues for both laws is set to be +3.00dB above the reference 
OdB level. The ideal decoder output values expressed in dB 
down from the full scale current output for A-law and p-law 
are presented in Tables 3 and 4. The reference OdB level can 
be found in these tables between steps 5 and 6 on chord 7. 
Comparison of the numbers corresponding to step 1 in chord 
0 shows a difference between the two encoding laws with re- 
spect to, the output dynamic ranges. The output dynamic 
range is 62.57dB for A-law, (+3.00dB to —59.57dB), and 
72.07dB for u-law, (+3.00dB to —69.07dB). 


In order to make the electrical designs of A-law and p-law 
Companding DACs as similar as possible, the normalized unit. 
value of current in Table 1, A-law table, is chosen to be 0.5u4A 
and the normalized unit current quantity in Table 2, »-law 
table, is chosen to be 0.25uA. These different “unit” values 
will cause: the steps in chord 0 for A-law Companding DACs 
to be twice as large as the corresponding yu-law device step 
sizes. Consequently, the ideal full scale absolute current val- 
ues corresponding to 4032 and 8031 normalized units are 
2016uA for A-law and 2007.75uA for u-law DACs. Tables 5 
and 6 contain all 128 absolute decoder output current values 
in pA. These tables can be further expressed in terms of per- 
cent of full scale current output, which may be important for 
some “percentage” oriented applications. Tabulated sum- 
maries of step and chord endpoint sizes which can be ex- 
tracted from Tables 1 through 6 are presented in Tables 7 


_ and 8. The last column in these tables points out that the best 


3-75 


resolution and accuracy are achieved in chord 0 of the Com- 
panding DAC’s transfer function. 


The output current values presented in Tables 5 and 6 are 
ideal output currents with ideal reference currents of 528uA 
and 512yA, respectively. The output current deviations for the 
communication application of Companding DACs are specified 
by the compandor tracking system requirements which are 
illustrated for both decoders in Figures 11 and 12. In both fig- 
ures a dotted line represents a total gain deviation, in dB, for 
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TABLE 5 
IDEAL A-LAW DECODER OUTPUT CURRENT IN MICROAMPS (SIGN BIT EXCLUDED) 


STEP 


| [—so0_[ 7600 | 3.000 | es00 | 132.00 | 26400 | s2a00 | T0500 _| 
[a [500 [7-500 [35.000 | ~70.000_| 140,00 | 290.00 | 560.00 | 
4500 


s60_| | 3 
6s00_| 
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718500 : 
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27500 


[21.500 | ~43.000_[ 66.000 | 172.00 | “344.00 | 688.00 | 1376500 


51.000 | 702.000”[ 204.00 | 406.00 | #16.00__ 
27.500 | 55.000 | 110.000 | 220.00 1760.00 
228.00 | 456.00 | 912.00 | 1824.00 
/ 1a [74.500 [30.500 [61.000 | 172.000 | 248.00 | 486.00 | 976.00 | 

| 31.600 | 63.000_| 126.000 | 252.00 | 504.00 | 1008.00 | 2016.00 _| 
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TABLE 6 
IDEAL 4-LAW DECODER OUTPUT CURRENT IN MICROAMPS (SIGN BIT EXCLUDED) 


oR 

step| o | 1 | 2] 3 | 4/5 i|e6|7 | 
[Ee [sao] aera | rao] are [ae [sane | Toe 
7 sn [a0 | 26760 en7e0| rae [are esas [rms 
-soaso| aurea [eo] vn7e [anne | eave | 7875 
11.250 147.75 | 303.75 1239.75 
155.75 | 319.75 1303.75 
163.75 | 335.75 1367.75 
171.75 | 351.75 1431.75 
179.75 | 367.75 1495.75 


17.250 195.75 | 399.75 1623.75 

203.75 | 415.75 1687.75 
211.75 | 431.75 1751.75 
219.75 | 447.75 1815.75 
227.75 | 463.75 1879.75 
235.75 | 479.75 1943.75 
243.75 | 495.75 2007.75 
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TABLE 7 
A-LAW DECODER STEP SIZE AND CHORD SIZE SUMMARY 


Step Size 
Normalized 
to Full Scale 


Chord Endpoints 
Normalized 
to Full Scale 


Step Size 
in vA with 
2016A F. S. 


TABLE 8 
p-LAW DECODER STEP SIZE AND CHORD SIZE SUMMARY 


Step Size 
in ZA with 
2007.75uA FS 


Chord Endpoints 
‘Normalized to 
Full Scale 


Step Size 
Normalized 
to Full Scale 
75 
23.25 
54.75 
117.75 
243.75 
495.75 
999.75 
2007.75 
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Fig. 11. CCITT A-Law Compandor Tracking Specification. 
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various signal levels which can be distributed over the en- 
coder and decoder portions of a “one way” communication 
system. It is understood that encoder and decoder system 
portions are implemented with corresponding Companding 
DACs. For the Bell D3 system yp-law tracking specification, 
the —37dBmo and —50dBmo output current levels can be 
found between steps 11 and 12 on chord 1, and steps 8 and 
9 on chord 0, respectively. For the CCITT A-law compandor 
tracking specification, the —40dBmo, —50dBmo, and 
—55dBmo output current levels can be found in the corre- 
sponding A-law tables between steps 13 and 14 on chord 0, 
steps 4 and 5 on chord 0, and steps 2 and 3 on chord 0, re- 
spectively. Conversion of the requirements imposed by Fig- 
ure 12 to absolute current values produces corresponding ab- 
solute decode output current tables with minimum, ideal and 
maximum values specified for each step. 
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Fig. 12. Bell D3 System Compandor Tracking Specification. 
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TABLE 9 
ABSOLUTE DECODER OUTPUT CURRENT LIMITS IN uA 


CONFORMING TO BELL D3 COMPANDOR TRACKING SPECIFICATIONS 


a a ea a ee 


25.991 
26.750 
27.531 
27.934 
28.750 
29.590 
29.878 
30.750 
31.648 


31.821 
32.750 
33.706 


33.764 
34.750 
35.765 


35.707 
36.750 
37.823 


37.651 
38.750 
39.882 
39.594 
40.750 
41.940 


41.537 
42.750 
43.998 


43.480 
44.750 
46.057 
45.424 
46.750 
48.115 
47.367 
48.750 
50.174 
49.310 
50.750 
§2.232 
51.253 
52.750 
54.290 
53.197 
54.750 
56.349 


.250 
.500 
-750 


.750 
1,000 
1.250 
1.250 
1,500 
1,750 
1.750 
2.000 
2.250 
2.250 
2.500 
2.750 
2.750 
3.000 
3.250 
3.250 
3.500 
3.750 
3.750 
4.000 
4.250 
4.248 | 
4.500 
4.767 


8.733 
9.250 
9.798 
9.677 
10.250 
10.857 
10.621 
11.250 
11.917 


11.565 
12.250 
12.976 
12.509 
13.250 
14.035 
13.453 
14.250 
15.094 
14.397 
15.250 
16.154 
15.341 
16.250 
17.213 
16.285 
17.250 
18.272 





19.675 
20.250 
20.841 

20.647 
21,250 
21.871 
21.619 
22.250 
22.900 
22.590 
23.250 
23.929 





6.136 ° 
6.500 
6.885 
6.608 
7.000 
7.415 
7.080 
7.500 
7.944 


59.998 
61.750 
63.553 
63.885 
65.750 
67.670 


67.771 
69.750 
71.787 
71.658 
73.750 
75.904 


75.544 
77.750 
80.020 


79.431 
81.750 
84.137 
83.317 
85.750 
88.254 
87.204 
89.750 
92.371 


91,090 

93.750 

96.488 

94.977 

97.750 
100.604 

98.863 
101.750 
104.721 
102.750 
105.750 
108.838 
106.636 
109.750 
112.955 
110.523 
113.750 
117.072 
114.409 
117.750 
121.188 


1018.02 
1047.75 
1078.34 
1080.21 
4911.75 
1144.21 


128.01 
131.75 
135.60 


135.79 
139.75 
143.83 


143.56 
147.75 
152.06 


151.33 
155.75 
160.30 


159.10 
163.75 
168.53 
166.88 
171.75 
176.77 
174.65 
179.75 
185.00 
182.42 
187.75 
193.23 


190.20 
195.75 
201.47 


197.97 
203.75 
209.70 
205.74 
211.75 | 
217.93 
213.52 
219.75 
226.17 
221.29 
227.75 
234.40 
229.06 
235.75 
242.63 
236.83 
243.75 
250.87 


264.04 
271.75 
279.69 


536.10 
551.75 
567.86 





310.68 
319.75 
329.09 


326.22 
335.75 
345.55 
341.77 
351.75 
362.02 


357.32 
367.75 
378.49 


372.86 
383.75 
394.96 


388.41 
399.75 
411.42 


403.95 
415.75 
427.89 
419.50 
431.75 
444.36 


435.05 
447.75 
460.82 
450.59 
463.75 
477.29 | 
466.14 
479.75 
493.76 
481.68 
495.75 
510.23 


629.37 
647.75 
666.66 


660.46 
679.75 
699.60 
691.56 
711.75 
732.53 
722.65 
743.75 
765.47 


753.74 
775.75 
798.40 


784.83 
807.75 
831.34 
815.92 
839.75 
864.27 
847.02 
871.75 
897.21 


878.11 
903.75 
930.14 
909.20 
935.75 
963.07 
940.29 
967.75 
996.01 
971.39 
999.75 
1028.94 


1266.76 
1303.75 
1341.82 


1328.94 
1367.75 
1407.69 
1391.13 
1431.75 
1473.56 
1453.31 
1495.75 
1539.43 


1515.50 
1559.75 
1605.30 


1577.68 
1623.75 
1671.16 


1639.87 
1687.75 
1737.03 
1702.05 
1751.75 
1802.90 


1764.23 
1815.75 
1868.77 


1826.42 
1879.75 
1934.64 
1888.60 
1943.75 
2000.51 
1950.79 
2007.75 
2066.38 


The decoder output current values which comply with the Bell 
D3 compandor tracking requirements are presented in Table 
9. A similar table can be generated for the CCITT A-law com- 
pandor tracking specification. The corresponding encode out- 
put values can be derived from the decode output values by 
adding a half a step to all entries in a given decode table. The 
specified limit values include the combined effects of chord 
end point deviations, step nonlinearity, encode output errors, 
full scale current deviation from ideal, full scale symmetry er- 
ror, zero scale current error, full scale drift, and output imped- 
ance change over the specified voltage compliance and 
temperature ranges. The adjacent step current levels in Table 
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9 for any particular Companding DAC will not overlap, as 
might be implied from the presented minimum and maximum 
values, because the device is guaranteed to be monotonic. 


If'the decode output limits for the 4-law Companding DAC are 
specified to be +1/2 step from the ideal values, Table 9 can 
be replaced by a similar table. The most important difference 
between the two tables would be found in the limit values cor- 
responding to the lower step current values in chords 1 
through 7. The approximate representations of +1/2 step, +1 
step limits and the corresponding Bell D3 compandor tracking 
limits in Table 9 are illustrated in Figure 13. 
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D3 SPEC 
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7 OV 


CHORD 1 CHORD 2 
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NEGATIVE 
D3 SPEC 
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CHORD 4 | CHORD 5 





Companding DAC 


CHORD 6 ' CHORD7 | 


Fig. 13. Output Current Limit Diagrams for D3, +1/2 Step, and +1 Step Tolerance Specifications. 


Parametric Analysis and Recommendations 


A detailed specification for a digital-to-analog converter should 
include information about important DAC parameters such as 
resolution, monotonicity, dynamic range, settling time, non- 
linearity, full scale and zero scale current errors, gain error, 
output voltage compliance, input, output and reference signal 
levels, Operating temperature range, power supply range and 
power dissipation. 


The resolution of a DAC is determined by the maximum 
number of digital input combinations which can be used to 
generate analog output signals. The resolution for Com- 
panding DACs with sign-plus-7 bit digital data input signals is 
+128 steps. A converter is monotonic if its analog output al- 
ways increases with an increase in the digital value of the 
input data code. Monotonicity for the Am6070/72 devices, 
is guaranteed over the full operating temperature range 
and for both groups of 128 steps. Two parameters which are 
used to describe nonlinear errors in a DAC’s transfer function 
are the DAC’s nonlinearity and the differential nonlinearity er- 
ror. The nonlinearity of a Companding DAC is defined as the 
maximum deviation of the actual output values from an ideal 
piece-wise linear characteristic calculated from measurements 
of the actual full scale and zero scale current values. These 
two current measurements can be used to compute: the cor- 
responding theoretical chord endpoint values, and nonlinearity 
is. measured as the difference between this calculated transfer 
characteristic and the actual current values at the output of 
the DAC. The differential nonlinearity of the device is a mea- 
sure of how much any single step current value varies with 
respect to its theoretical value, (calculated from the actual full 
scale output current). Differential nonlinearity of +1/2 step will 
ensure monotonic behavior. These errors and all other trans- 
fer function related errors are specified for the Am6070 Com- 
panding DAC Family by the limit current values in the corre- 
sponding Absolute Decoder Output Current Level Table. 


The DAC’s current outputs have a very high impedance, and 
the output current will not change its value significantly with 
changes in the applied voltage at the DAC’s outputs. The out- 
put voltage compliance range is defined as the maximum 
range of voltages, at the DAC’s output, that can be sustained 
while meeting the output current specifications. The absolute 


maximum output voltage swing, (IRe-r = 528A), is specified 
between V— plus 10V and V- plus 36V, where V— is the 
Companding DAC’s negative power supply. The maximum 
range for the reference inputs Vp(_) and Vp;+) is specified to 
be between the V- and V+ power supply values. The 
maximum power supply range, V+ to V-, is specified at 36V, 
and maximum power dissipation for temperatures less than 
100°C is rated at 500mW. 


The settling time for a DAC is defined as the elapsed time, 
after an input code transition, required for the DAC’s output to 
reach a final value within specified limits. These limits are 
generally +1/2 of the corresponding step current value. The 
settling time is usually specified for the input code transition 
from zero scale to full scale value, and for the Companding. 
DAC Am6070 family the typical value is 300ns. However, this 
is not the worst case transition. Because of the different step 
sizes, the output current settling error band changes as the 
chord current changes, becoming smaller for lower chords. 
Settling times in chord 7 are measured when the output set- 
tles within +32A of its final value, while settling times in 
chord 0 are measured when the output settles to within 
+.25yA of it’s final value. The worst case transition is, there- 
fore, the transition from full scale current down to zero scale 
current value, and requires a settling time of 4s for u-law 
DACs and 2.5us for A-law DACs. ; 


The currents of each of the four Companding DAC’s analog 
outputs can be measured using the circuit shown in Figure 
14. This circuit contains 4 resistors, R1, R2, R3, R4, and two 
operational amplifiers, A1 and A2. Resistor tolerances of 0.1% 
give 0.1% output measurement error (approximately 2A at 
full scale). The input offset current of the operational amplifier 
also increases the output measurement error. This error is 
most significant near zero scale. The Am1i01A and Am308 
devices, for example, may be used for A1 and A2, since their 
maximum offset currents which would add directly to. the 
measurement error, are only 10nA and 1nA, respectively. The 
input offset voltage of the amplifiers, with output resistor val- 
ues of 2.5kQ, also contributes to the output measurement 


- error by a factor of 400nA for every mV of offset voltage. 
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Therefore, to minimize this error, the offset voltages of A1 and 
A2 should be nulled. 
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Fig. 14. Companding DAC Output Current DC Test Circuit. 


The recommended operating range for the reference current 
Ine is O.1MA to 1.0mA. The full scale output current, Irs, is a 
linear function of the reference current, and may be approx- 
imated using the equation I-g = 3.9¢lper. This tight relation- 
ship alleviates the requirement for trimming the IRe¢ current if 
the Rrer resistors’ values are within +1% of the calculated 
value. Lower values of Iper will reduce the negative power 
supply current, and will increase the reference amplifier nega- 
tive common mode input voltage range. However, the device 


accuracy specifications are not guaranteed at reference cur-— 


rents below 0.5mA. 


The ideal value for the reference current, (Vrer/Reer), is 
528uA for p-law and 512uA for A-law Companding DACs. 
The corresponding ideal full scale decode current values are 
2007.754A and 2016uA, respectively. A percentage change 
from the ideal IRe¢ value produced by changes in the Vrer¢ or 
Rrer values produces the same percentage change in the 
decode and encode output current values. The positive volt- 
age supply, V+, may be used, with certain precautions, for 
the positive reference voltage. In this case, the reference re- 
sistor Rrer(+) should be split into two resistors and their junc- 
tion bypassed to ground with a capacitor of about 0.01uF. 
The total resistor value should provide the required reference 
current. The Rrer_) resistor value should approximately 
equal the Rerr+) value in order to compensate for errors 
‘caused by the reference amplifier's input bias current. 


An alternative to the positive reference voltage biasing is the 
application of a negative voltage to the Vp:_) terminal through 
the resistor Rreri—) with the Rreri+) resistor tied to ground. 
The advantage of this arrangement is the presence of very 
high impedance at the Vp;_) terminal while the reference cur- 
rent flows from ground through Rrer(+) into the Vac) termi- 
nal. 


The Companding DAC can be used as a multiplying DAC by 
varying the reference current. It is important that the reference 
current have a DC component that guarantees an uninter- 
rupted flow of current INTO the V+) terminal. The input ref- 
erence amplifier has sufficient bandwidth and slew rate, 
(0.12mMA/us minimum), to handle small signal inputs up to 5% 
of reference current at frequencies up to 500KHz, and large 
signal inputs of up to 50% of reference current at frequencies 
up to 80kHz. 





The Companding DAC has a wide output voltage compliance 
suitable for driving a variety of loads. Using the ideal recom- 
mended value for Ipeg and V— = —15V, the positive voltage 
compliance limit is +18V and the negative voltage compliance 
limit is —5.0V. For other values of Ipeg¢ and V—, the negative 
voltage compliance limit, Voci-), may be calculated as fol- 
lows: 


Voci-) = (V—-) + 2 (Iper * 1.55kQ) + 8.4V, 


where 1.55kQ. and 8.4V are equivalent worst case values for 
the Companding DAC. 


~ The Vi¢ input controls the input logic threshold voltage, allow- 


ing the device to interface with various logic families. This 
input should be placed at a potential which is 1.4V below the 
desired logic input switching threshold. Two external discrete 
circuits which provide this function for non-TTL driven inputs 
are shown in Figure 15. For TTL-level logic inputs, the Vic 
input should be grounded. If negative voltages are applied at 
the digital logic inputs, they must have a value which is more 
positive than —5V. 


CMOS, HTL, NMOS 
V+ 


2N3904 2N3904 
2 es 2 
TO PIN 10 TO PIN 10 


Vv 
Vic Lo 


(400A | ) 


-5.2V 
Notes: 1. Set the voltage “A” to the desired logic input switch- 
ing threshold. 
2. Allowable range of logic threshold is typically —5V to 
+13.5V when operating the companding DAC on + 
15V supplies. LIC-032 


Fig. 15. Interfacing Circuits for ECL, 
CMOS, HTL.and NMOS Logic Inputs. 
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With the V— voltage between —15V and —11V, the Voq_) 
value, the input reference common mode voltage range, and 
the logic input negative voltage range are reduced by an 
amount equivalent to the difference between —15V and the 
V— value chosen. With V+ between +5V and +15V, the re- 
ference amplifier common mode positive voltage range and 
the Vic input values are reduced by an amount equivalent to 
the difference between +15V and the V+ value chosen. 


TYPICAL CIRCUIT APPLICATIONS 


Basic Circuit Connections 


The Companding DAC belongs to the class of multiplying D to 
A converters with true current outputs. The input reference 
current can be generated by a unipolar constant reference 
voltage source or by a bipolar AC reference voltage. The 
applied bipolar reference source usually modulates the refer- 
ence current, IRe¢, supplied from the constant reference volt- 
age as shown in Figure 16. Figure 16a shows a high input 
impedance configuration where the bipolar input signal Vij 
modulates the voltage level at the Va(+) input by forcing the 
voltage across Rrer to be Vraer — Vin, which in turn modifies 
lrer- Figure 16b shows low input impedance connections, 
where Ipeg equals the sum of the DC reference current from 
Vrer and the AC input current from Vi,y. For both low imped- 
ance and high impedance connections, the minimum ref- 
erence current value at the reference input, Va(4) should be 
at least 0.1mA and the maximum value should not exceed 
1.0mA. 


The wide output voltage compliance range, (—5V to +18V 
with IRep = 5284A and V— = —15V), allows a variety of 
loads to be driven. Two typical connections are shown in Fig- 
ure 17. Voltage output relationships for single ended and dif- 
ferential resistive output connections are described in the out- 
put voltage table of Figure 17a. The reference current in this 
resistive load example is set to be 528A (u-law Companding 
DAC). The resulting negative voltage generated by the cur- 
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a. High Input Impedance Connection. 
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Irer = Vin/Rin + Vaer/Rrer+ ; 
Rrer— = (Rrers * Bin(Rrees + Find — : 
ips © 4IREF LIC-034 


b. Low Input Impedance Connection. 


Fig. 16. Companding DAC’s Multiplying Connections. 


rents at the outputs A, B, and C, does not exceed the 
minimum value of —5V, which corresponds to the lower limit 
of the output voltage compliance range. In the example with 
balanced load connections, the sum of the common mode 
voltage, Vom, and the differential voltage across the load 
should also be within the —5V and +18V output voltage com- 
pliance limit. 





OUTPUT VOLTAGE (Vv) 
INPUT CODE 


(E/D, SB, By,... 





10 1111141 
10 1101111 
10 000 0000 





011111111 
011101111 
01 000 0000 
00 000 0000 
00 1101111 





LIC-035 001111111 








a. Resistive Output Connections. 
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B7 B6 B5 B4B3 B2 B1 SB ED 


Am6070 


LIC-036 
b. Balanced Load Connections. 





Fig. 17. Companding DAC’s Output Connections. 
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Companding DAC 


Operational amplifiers and/or comparators can be driven by 
Companding DACs. The circuits shown in Figure 18 demon- 
strate various voltage ranges which can be achieved at the out- 
puts of operational amplifiers. The circuit in Figure 18a pro- 
vides OV at the op-amp output whenever the E/D input is set 
to logic 1. When the circuit is in the decode mode, E/D = 0 
the output voltage polarity is determined by the sign bit 
input level. With the sign bit set low, the Igp;+) output is ac- 
tive and the corresponding full scale output current, Ips 
2mA, will generate a maximum negative voltage of —5V at the 
op-amp's positive input. The chosen resistor values and their 
connections provide the op-amp with a gain of 2 and a 
maximum negative output voltage of —10V. With the sign bit 
set high the Igp(4) output is active and the op-amp’s negative 
input will be held at virtual ground. With a full scale current of 
2mA flowing into the Iop;+) pin, the op-amp will act as a 
transconductance amplifier supplying 2mA to the lop+) pin 
via the 5kQ feedback resistor. This current will generate a 
maximum of +10V at the output, which will make the total 
output voltage swing between —10V and +10V. The circuit in 
Figure 18b similarly provides a voltage swing between —5V 
and +5V across the output capacitor. The output dynamic 
range expander circuit connections, shown in Figure 19, ex- 
tend the u-law Companding DAC’s dynamic range from 72dB 
to 78dB. The A-law Companding DAC’s dynamic range can 
be similarly increased from 62dB to 66dB. In this circuit, the 


outputs lop+) and Iog4+) are tied together, and lop(-) and 
Iog(—) are tied together; the E/D input is used as a fifth step 
which represents the feast significant digital data input, and 
provides the desired interleaving between the encode and de- 
code current levels. Each chord now contains 32 uniform 
steps, with the smallest step size value 0.254A and the 
largest value 32uA. The resulting full scale current is equal to 
the corresponding full scale encode current value, and the 
ratio between the full scale current value and the smallest cur- 
rent step value, Ips/0.25, exceeds 8000 for the p-law Com- 
panding DAC. The smallest and the largest current step sizes 
will generate 0.625mV and 80mV changes, respectively, at 
the op-amp output. 


Digital inputs SB and E/D can be used together with data 
inputs Bi through B7 to provide an output multiplexing capa- 
bility when connected as shown in Figure 20. The logarithmic 
digital attenuator circuit combines the companding DAC’s mul- 
tiplying capabilities with the multiplexing function which is 
accomplished by using the SB and E/D inputs as channel 
select inputs. The analog signal, Vij, applied at the Vp:_) 
reference input can be attenuated by approximately 0.3dB per 
step and 6dB per chord, throughout most of, the output 
dynamic range. The SB and E/D inputs provide signal switch- 
ing combinations which will multiplex the attenuated analog 
signal into four different analog channels. 
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b. Compliance Extension Using AC Coupled Output. 





Fig. 18. Some Output Voltage Expansion Schemes. 
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Fig. 19. Output Dynamic Range Expander. 
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Fig. 20. Lagarithmic Digital Attenuator. 


For applications where the output dynamic range is to be 
smaller than 78dB, the circuit connection shown in Figure 21 
can be used. With given Veer and Vix values, there are three 
resistor values, Rarer, A1, and R2, which need to be deter- 
mined. The starting assumption is that a maximum gain of 
unity from Vin to Voyz, (0dB), is achieved with all digital 
inputs set to logic 1. The digital inputs all set to logic 0 will 
determine the minimum gain of the circuit and consequently 
the desired output dynamic range. Considering the currents 
flowing through resistors R1, R2, and Rr_erg, and the DAC’s 
output with digital inputs at all 1's, the following relationships 
can be established: 


Iki = Vour/R1 = lout + Ira: lout ~ 3.8 IRer: IR2 = Vin/R2; - 


lrer = (Veer — Vin)/Rree (1) 
The relationship between output voltages V’gyz and Voyt 
and input voltages, Veer and Vix, can be expressed as fol- 
lows: 

Vout = 3.8(R1/Rrer) Vrer — [3.8(R1/Rper) + R1/R2] °Vin 

(2) 

Vour = —[3.8 (R1/Rrer) + RI/R2] ¢ Vin 


In order to have unity gain, Voyt/Vin = 1, the coefficient for 
Vin in the equations (2) must also be 1: 


‘—[3.8 (R1/Rrer) + R1/R2] = 1 (3) 


Two additional conditions for calculating Raer, R1 and R2 
values are the minimum gain value Gyjp, and the require- 
ments for the minimum and maximum Ip_e¢ values, 0.1mMA and 
imA, respectively: 


Gmin,as = 20 log [Vout/Vin] = —20 log (R2/R1), (4) 
and 0.1mAs (VREF ed Vin/Rrer = 1mA (5) 


The op-amp output in Figure 21 has a DC component that will 
be attenuated as well as the AC input signal. The output 
coupling capacitor is used to remove the DC level. However, 
during switching, the change in DC level will cause a step 
transient or “click” at the qutput. 





Companding DAC 


VREF —15V +15V 


DIGITAL INPUTS 





LIC-041 


Fig. 21. AC Coupled Digital Attenuator, Adjustable Range. 


Operating Modes 


The Companding DAC has two basic operating modes, de- 
code and encode, which are controlled by the Encode/ 
Decode, E/D, input signal. A logic 0 applied to the E/D input 
places the Companding DAC in the decode mode, and current 


will flow into the lop(+) or Iop(—) Output, depending on the. 


state of the sign bit, SB, input. A logic 1 at the E/D input 
places the Companding DAC in the encode mode, which dif- 
fers from the decode mode by a half step offset current in 
each chord, and current flows into one of the Io¢ outputs. 


The basic decoder connection for the Companding DAC is 
‘shown in Figure 22. The E/D input is grounded, which keeps 
the Companding DAC in the decode mode. The eight digital 
data inputs generate an output decode current which is con- 
verted by an operational amplifier to a bipolar voltage, Eo. 
Several discrete Eo values are tabulated in Figure 22 for both 
p-law and A-law versions of Companding .DACs. The values 
indicated in parenthesis correspond to the A-law Companding 
DAC. 


The Companding DAC can be used together with a Succes- . 


sive Approximation Register, SAR, a comparator, and addi- 
tional SSI logic elements to perform the encoding or com- 
pression of an analog signal. The circuit, Figure 23, repre- 
sents an Analog-to-Digital data conversion system. The first 
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task of this system is to determine the polarity of the incoming 
analog signal and to generate a corresponding SB input. 
When the proper START, S, and CONVERSION COMPLETE, 
CC, signal levels are set, the first clock pulse sets the MSB 
output of the SAR, Am2502, to a logic O and sets all other 
parallel digital outputs to logic 1 levels. At the same time, the 
flip-flop is triggered, and its output provides the E/D input with 
a logic 0 level. No current flows into the Io¢ outputs. This dis- 
connects the converter from the comparator inputs, and the 
incoming analog signal can be compared with ground which is 
applied to the opposite comparator input. The resulting com- 
parator output is fed to the Am2502 serial data input, D, 
through an exclusive-or gate. At the same time, the other 
input to the exclusive-or gate is held at a logic 0 level by the 
logic shown in Figure 23. This exclusive-or gate inverts the 
comparator’s outputs whenever a negative signal polarity is 
detected. This maintains the proper output current coding, i.e., 
all ones for full scale and all zeros for zero scale. 





The second clock pulse changes the E/D input back to a logic 
1 level because the CC signal changes. It also clocks the D 


‘input signal of the Am2502 to its MSB output, and transfers it 


to the SB input of the Companding DAC. Depending upon the 
SB input level, the Companding DAC’s output current will flow 
into the log(+) or loe—) output. 
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Fig. 22. Detailed Companding DAC Decoder Connection. 
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Fig. 23. Detailed Companding DAC Encode Connection. 


Nine clock pulses are required to obtain a digital, non- __ particular, provides an acquisition system with considerable 
complemented, binary representation of the incoming analog flexibility, limited only by the rate of change of the acquired 
signal at the eight Am2502 digital outputs. The resulting analog input signals. 

analog output signal is compared with the analog input signa! 


after each of the nine successive clock pulses. The analog A typical data acquisition system using the Companding DAC 
input signal should not be allowed to change its value during is shown in Figure 24. The A to D data conversion procedure 
the data conversion time. In high speed systems, fast is controlled by the 9080A Microprocessor set, (Am9080A 
changes of the input analog signals are usually prevented by 8-bit Microprocessor, Am8224 Clock Generator and Driver, 
using sample and hold circuitry. and Am8238 System Controller and Bus Driver). The START 


one-shot circuit, Am26S02 will be activated by the START 
A/D command, (CS = 0, {OW = 0), which will initiate the A to 
D procedure by setting the S input of the SAR circuit, 


When the Companding DAC is used in a feedback loop with a 
SAR, the data input transitions in the successive approxi- 
mation search technique exhibit a maximum change of two . : 
adjacent bits, and the daring pattern is 0111 Hii. The next Am25s02, to a logic 0. The width of the one-shot pulse must 
successive pattern after the first iteration, will be either be greater than the period of the DATA CLOCK signal to ini- 
00111111 or 10111111. The worst case settling times are ex- tialize the SAR logic. The duration of DATA CLOCK period 
perienced during step bit changes in chord 0, where the out- must accommodate the worst settling time of the DAC and 
put current must settle to +0.25uA. The worst-case settling comparator Am311, to ensure valid data at the SAR input. 
time is about 600ns for code changes in the upper end of a atl enrcurt an 3 spent See oe an 
chord zero and 1800ns for code changes near zero. The sys- PEcied WOFST CaS: SOMING UMe COeS - ROVOXceSe IHS Bid Ihe 
tem clock must take into account the ses time of the DAC, SYSTEM CLOCK, ¢1, does not exceed 2MHz. The first data 
the switching speed of the comparator and the time delays in clock after S goes low sets the CC output high, which in turn 
the SAR. In general, the DAC is the slowest component, switches the input sample and hold circuit, (LF 198), into the 
(comparator Am311’s delay is about 200ns and SAR delays hold mode and puts the microprocessor into a wait state. After 


are about 46ns), and will determine the clock rate. For op- . eight subsequent DATA CLOCK periods, (8 x 2us), the con- 
timum accuracy the clock rate should accommodate the —_—_- Version complete signal, CC, changes from logic 1 to logic 0, 
1800ns settling time near zero scale current. However, faster which puts the S & H circuit into the sample mode and allows 
clock rates (1100ns-1800ns) can be used with some degrada- the microprocessor to resume its functions by removing the 
tion in accuracy for signals near zero. logic 0 from the RDYIN input of the Am8224 chip. With a logic 


1 at the SAR’s S input, the DATA CLOCK cannot change the 
SAR's digital Gata outputs after completion of conversion. 
Thus, these outputs will be stable and available for sub- 


Microprocessor Based Data Acquisition 
Systems Applications 


High output resolution with guaranteed monotonicity over its. sequent ‘interrogation. The_microcomputer will issue a READ 
entire dynamic range and digitally controllable inputs makes A/D command, (CS = 0, IOR = 0), which enables the three- 
the Companding DAC very attractive for application in data state data buffer, Am25LS241, and transfers the data outputs 
acquisition and control systems. The encoding capability, in of the SAR.to the system data bus and into the micro- 
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Fig. 24. Microprocessor Controlled Data Acquisition System. 


processor’s accumulator, A subsequent memory write com- 
mand, then stores this data in the desired memory location. 
For the next A to D data conversion, the microprocessor must 
generate another START A/D signal. An A to D data acqui- 
sition can be achieved using only three 9080A instructions. 


OUT (to ADC device) —generation of START A/D command 

IN (from ADC device) —generation of READ A/D command 

STA (to MEMORY) = —store digital representation of the 
acquired analog signal into memory 


lf the required nine DATA CLOCK periods present a prohib- 
itively long wait state for the processor, the A to D procedure 
can be more efficiently handled using a suitable interrupt 


scheme. The logic shown in Figure 25 illustrates the A to D~ 


and D to A conversion using three interrupts. The external in- 
terrupt signal, VALID RECEIVE DATA, which initializes the A 
to D conversion, is received and processed by the Am9519 
Universal Interrupt Controller. It’s output, GINT, is recognized 
by the 9080A Microprocessor logic and generates the INTA 


signal at the output of the Am8238. The VALID RECEIVE 


DATA signal will cause the receive S & H circuit to switch into 
the hold mode after 5us, via Am26S02 and associated flip- 
flop circuitry. This delay is needed to satisfy the sample time 
requirements for the (Am)LF398 S & H circuit, with C, = 
1000pF. This one-shot circuit may be eliminated if the analog 
input data is maintained unchanged for about 25us after rec- 
ognition of the VALID RECEIVE DATA signal. Upon receipt of 
an INTA signal, the’-Am9519 provides the address of an 
appropriate subroutine to the CPU. This subroutine will initiate 
the A to D conversion by generating the START A/D com- 


mand. After A to D conversion is complete, the DATA READY 


signal, identical to the CC signal, generates an interrupt for 
the 9080A microprocessor to read and store the results of the 
A to D data conversion via an octal, non-inverting, three-state 
driver, the Am25LS241A. The CC signal at the same time will 


switch the receiving S & H circuitry into the sample mode. , 
Two sequences of 9080A instructions which perform the ac- 
quisition operations described are detailed in Table 10. The cor- 
responding functional! flow charts are shown in general form in 
Figure 26. 


The addition of SS! logic shown in Figure 25 generates sig- 
nals CS2 and CS3 which transmit an analog signal generated 
by the DAC from digital information stored in the system 
memory. An external interrupt request for transmission of the 
_ analog signal, TRANSMISSION REQUEST, will initiate the D 
to A conversion subroutine. A corresponding word in memory 
will be fetched into the 9080A accumulator and then latched 
into the Am25LS374, Octal D type register, via signals CS2 
and IOW. At the same time, the non-inverting three-state data 
bus transceivers, Am8T28, will be turned to the direction 
which corresponds to the D to A conversion procedure. The 
latch captures valid 9080A accumulator data, which will be 
used as the. digital inputs throughout the D to A conversion 
procedure. The next instruction in sequence will be a com- 
mand to start sampling the Companding DAC’s decode out- 
puts, (CS3 = 0, IOW = 0), which will be already settled. As- 
suming that one 9080A I/O instruction takes about 5us at a 
system clock frequency of 2MHz, the next command in the in- 
struction. sequence may generate a signal VALID TRANS- 
MISSION DATA, (CS3 = 0, IOR = 0), which will put the trans- 
mission S & H circuitry into the hold mode and return the data 
transceivers, Am8T28, to the direction which corresponds to 
the A to D conversion procedure. Input data for. the Com- 
panding DAC is supplied by the SAR circuitry. A sequence of 
9080A instructions which could handle the D to A conversion 
procedure and analog signal transmission through the pro- 
"gramming I/O interrupt scheme shown, is presented in Table 
10. The corresponding functional flow chart is shown in Figure 
26. oO 
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Fig. 26. Functional Interrupt Subroutine Flow Charts for Data Transceiving Converter. 
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TABLE 10 
INTERRUPT SUBROUTINES FOR SINGLE CHANNEL DATA TRANSCEIVING 
CONVERTER SYSTEM IMPLEMENTED WITH 9080A INSTRUCTIONS 


VALID RECEIVE DATA Interrupt Subroutine: 
OUT (to ADC) —Generate START A/D command. 
El — Enable other CPU interrupts. 
— Return to main program. 


DATA READY Interrupt Subroutine: 
STA (to TEMP) — Save accumulator content. 
IN (from ADC) 
STA (to Memory) 
LDA (from TEMP) 


El ‘— Enable other CPU interrupts. 


RET — Return to main program. 


TRANSMISSION REQUEST Interrupt Subroutine: 
STA (to TEMP) — Save Accumulator content. 
LDA (from DATA) 
OUT (to LATCH) 
OUT (to DAC) 

IN (from DAC) 

LDA (from TEMP) 
— Enable other CPU interrupts. 
— Return to main program. 


Motion Control Systems Applications 


The high resolution and accuracy of the Companding DAC 
transfer function for small output signa! levels provide a very 
smooth and precise analog contro! signal to devices whose 
outputs are voltage or current dependent. However, when 
major disturbances are detected in the system, the Com- 
panding DAC will produce correspondingly larger control 
analog signals which cause very fast output response of the 
controlled analog device. Figure 27 shows the Companding 
DAC used in a feedback loop to provide a small analog error 
signal to control the speed and direction of a voltage con- 
trolled motor in order to properly position the shaft. The shaft 
encoder generates an 8-bit digital word which represents the 
current shaft position of the motor. 


There are 256 discrete positions of the shaft which can be 
identified at the shaft encoder’s output. This output will be 
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— Read digital! results from SAR outputs into accumulator. 
— Store accumulator's content into memory. 
— Restore accumulator’s content before subroutine. 


— Load accumulator with digital data which will be converted to an analog signal. 

~ Output data for D to A conversion to the latch circuit and START_D/A conversion. 

— Generate Transmission SAMPLE command for S & H circuitry, CS3 = 0, IOW = 0. 

—- Generate Transmission HOLD command for S & H circuitry, and VALID TRANSMISSION DATA signal. 
~ Restore accumulator's content before interrupt subroutine. 





sampled and latched using an 8-bit register, Am25LS273. The 
sampling rate is determined by dividing the time for one shaft 
revolution at the motor’s highest speed by 256. The maximum 
rate will be limited by propagation delays through the 
comparator and ALU chips and by the settling time of the 
Companding DAC. The output of the shaft position sampling 
register, data “‘B”, is digitally compared with the desired shaft 
position, data “A”. The magnitude of the difference between 
digital words “A” and “B” is directly porportional to the error 
of the motor shaft position. The sign of this digital subtraction 
provides information about the polarity of the analog error sig- 
nal which drives the motor in the direction necessary to de- 
crease the error. The speed of the motor is proportional to the 
magnitude of the error |A—B] . The sign and magnitude of the 
error are determined by two comparator chips, (Am9324 
Four-Bit Comparator), and two ALU chips, (Am25LS381 
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Figure 27. Nonlinear, Computer Controlled, Digital-to-Shaft-Position Conversion System. 


Four-Bit Arithmetic Logic Unit). The end of the motor shaft 
correction procedure is indicated to the computer via the 
comparator’s output “A=B”. 


The eight digital bits of the error magnitude |A—B| are 
applied to the seven data inputs of the Am6070 and to the 
E/D input. The Am6070 outputs are connected to provide 32 
steps per chord, which totals 256 steps or a 78dB output 
dynamic range. The smallest and largest step :sizes are 
0.25u4A and 32yA, respectively. The sign bit value is taken 
from the “A>B” output of the comparator circuit, and deter- 
mines the polarity of the op-amp, (Am)LF356, output voltage. 


The computer function in Figure 27 is mainly confined to ini- 
tializing the shaft correction procedure by latching the desired 
- shaft position, data “A”. Clear commands may be issued dur- 
ing the power-up procedure in order to bring the motor shaft 
to some initial position. The application of the Companding 
DAC with its nonlinear transfer characteristic and its non- 


uniform step sizes which are proportional to the magnitude of. 


the error, |A—B], significantly reduces system transient re- 
sponse effects such as over-shoots and ringing while mini- 
mizing the time required to.reach the new shaft position. The 
system can be programmed to be either critically damped 
(minimum response time) or under damped (no overshoot). 


Figure 28 shows a Companding DAC in a feedback loop 
which provides small analog error signals for control of the 
velocity of a voltage controlled motor. This is a paper cutting 
control system where paper is unwound from a feed roll and 
cut to size by a mechanical knife. In this application the Com- 
panding DAC is in the velocity feedback path and its output is 
used to generate a velocity profile command signal. The 
motor rotation is initiated from a front panel by depressing the 
START button. A COUNT-UP command from.a micropro- 
cessor sets the binary counter to its count up mode, which 
drives the Companding DAC inputs. When some predeter- 
mined number of counts has been reached, the counter stops 
and the Companding DAC is held at a constant output value. 
The incremental encoder produces pulse counts proportional 
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Fig. 28. Paper Cutting Control System. 
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to the distance of paper travel. The desired paper size ex- 
pressed as a number of incremental encoder pulse counts is 
stored in a CPU storage register. The outputs of the incre- 
mental encoder are constantly accumulated in an internal 
CPU counter and are compared with the content of the CPU 
storage register throughout the entire velocity control proce- 
dure. When a match is found, the corresponding COUNT 
DOWN command is issued to the counter, the internal counter 
is cleared, and a new value is loaded into the internal storage 
register. 


The values which control the velocity of the motor are stored 
in a register, external to the CPU, and its content is compared 
with the outputs of a binary up/down counter during the 
motor’s acceleration and deceleration phases. Whenever a 
match is achieved, an interrupt signal will be generated and 
the working mode of the external counter changes. The final 
stop position is approached in a well controlled manner which 
stops the paper and cuts it with a minimum of overshoot and 
error. 

Figure 29 shows the necessary logic for generation of the 
velocity profile control signal. The CPU will first load the ex- 
ternal storage register, Am25LS273, via the LOAD signal, to 
the desired count-up value for the external up/down counter, 
Am25LS193. Upon recognition of the START request, the 
CPU issues the COUNT-UP command which enables the 
8-bit comparator chip, Am25LS2521. The zero initial digital 
code at the Companding DAC inputs produces zero voltage at 
the output, Voyr. Every enabled conversion clock pulse will 
increase the Companding DAC output current by a corre- 
sponding amount, and the Vout increases in accordance with 
the Companding DAC transfer characteristic. This portion of 
the velocity profile control signal corresponds to the motor ac- 
celeration phase. When the counter outputs match the content 
of the external storage register, the interrupt signal INT1 is 
generated, and the UP flip-flop is reset. 

This stops the up/down counter and the motor continues to ro- 
tate with a constant velocity, V1. Duration of the acceleration 
phase depends on the value initially stored in the external 
Storage register and the frequency of the conversion clock. 
Upon recognition of the INT1 signal, the CPU will load a new 
value into the external storage register, which is used to .de- 
celerate the motor from velocity V1 to a lower velocity, V2. 


During the constant velocity phase, V1, the encoder pulses 
accumulate in the CPU counter until the value “m”, stored in 
the CPU internal storage register, is reached. At this time the 
CPU will issue a COUNT DOWN command and reload the in- 
ternal storage register with the value ‘“n”. The sum of these 
two values, m+n, should represent the length of the paper 
expressed in encoder pulses. This value is “p” pulses shorter 
than the desired ideal paper length. 


The COUNT DOWN command initiates the count-down mode 
of the external up/down counter,. PHASE |, and enables the 
comparator. When the counter outputs match the value stored 
in the external storage register, the interrupt signal INT2 is 
generated and counting stops. The motor continues to rotate 
with some constant velocity, V2, which is significantly smaller 
than velocity V1. This velocity, V2, is a function of the conver- 
sion clock frequency and the motor’s mechanical parameters 
such as inertia, weight, etc. The mechanical parameters may 
cause synchronization difficulties between the second decel- 
eration phase of the voltage waveform at Voy and the actual 
velocity of the motor. The velocity V2 is much smaller than V1 
and allows a smooth, well controlled stop of the motor at the 
end of the PHASE II of count-down mode, and thus ensures 
the smallest possible overshoot and error. 
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Fig. 29. Microprocessor Controlled Generation of Motor Velocity Control Signal. 


The {NT2 signal automatically clears the external storage reg- 
ister to all zeros and informs the CPU that the deceleration 
PHASE | is complete. The CPU continues, internally, to ac- 
cumulate the encoder pulses until their number becomes ‘“n”. 
At this time the CPU issues a new COUNT DOWN command 
to initiate PHASE II of the count-down mode, and reloads the 
internal storage register with a final number “p”. This number, 
when summed with the previous two numbers “m” and “n”, 
determines the final length of paper, m+n+p, and is accumu- 
lated in the internal CPU counter during PHASE II of counter’s 
count-down mode. At.the end of this phase, the INT3 signal is 
generated and counting stops. The number of encoder pulses 
in the internal counter will be compared with the number “p” 
stored in the internal storage register. If a satisfactory match 
is found, the CPU issues a CUT command to the paper cut- 
ting station and the paper is cut to the desired size. Finally, 
the CPU issues the CLEAR command to initialize the INT 
flip-flops and clear the internal counter. It also reloads both in- 
ternal and external storage registers with appropriate values, 
so that a new velocity profile contro! signal can be generated. 
Much of the logic. shown could be implemented in software, 
but this would require that much of the microprocessor re- 
sources be dedicated to this speed control function. 


Audio System Applications 


Audio system equipment applications require signal con- 
verters which can process bipolar analog audio signals within 
a +10V range. A DAC, in an audio system, provides digital 
gain and/or attenuation of input audio signals. This requires a 
multiplying DAC, i.e., it must accept an audio signal either in 
single ended or differential form, and process it as a function 
of the digita! contro! inputs. Ideally, an audio level control de- 
vice provides an equal change, in dB, of relative signal level 


between any two adjacent digital codes or steps throughout 
its entire output dynamic range. However, differences be- 
tween steps which exceed 1dB can be annoying to the human 
ear. For high quality audio systems, the DAC must have low 
signal distortion, (on the order 0.05% or less over most of the 
dynamic range), large working dynamic range, (80dB or 
more), wide bandwidth, large signal to noise ratio, S/N, (80dB 
or more), and transient-free output gain-change operation 
which is independent of digital input states. 


The Companding DAC with its multiplying feature and its abil- 
ity to extend its dynamic range up to 78dB, satisfies or ex- 
ceeds most of these requirements. It handles audio input sig- 
nals up to +10V, and its output signal distortion is 0.02% or 
less over most of the audio signal range. Its nominal level/ 
step resolution is 0.15dB, and its S/N ratio is 80dB or better 
when referred to a 1V output. However, its total useful audio 
dynamic range, with a maximum 1dB difference between two 
adjacent steps, is only 59dB, and its output exhibits DC gain 
step transient effects, due to the required DC bias current. 


The Companding DAC’s DC output current potential “click” ef- 
fects must be suppressed for applications in audio systems 
where there are large changes in the digital input code. Figure 
30 shows the connection for the necessary DC output current 
compensation. The output dynamic range can be adjusted by 
varying the value of resistor R2. To suppress the DC step 
transients, the current lp compensates for all DC changes in 
current |,. The lz current reflects only the AC changes in cur- 
rent |, and the current through resistor R2 due to changes in 
the Vix signal. This allows the attenuated Vy signal to be DC 
coupled through op-amp A2. The maximum gain for the circuit 


is assumed to be unity, (0dB), when all digital inputs are set 
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at logic 1. A determination of the resistor values Rrer+, Ri 
and R2, was discussed in the section on the AC coupled digi- 
tal attenuator. The Reere— value should be identical to Reer+ 
value and the R3 and R4 values must be equal, so that the 
current, Ip, will compensate for the DC component of |. 


The 1dB audio resolution requirement truncates approximately 
19dB from the Companding DAC’s total dynamic range of 
78dB. The level ratio becomes greater than. 1dB between the 
9th and 8th step of chord 0, (0.25yA/step). If the 1dB reso- 
lution criterion is applied to a comparable sign-plus-13 bit 
linear DAC, the corresponding 1dB requirement also takes off 
19dB, and the breakpoint occurs between the 9th and 8th 
step of the linear 13-bit DAC transfer characteristic. The 
subtle difference between the 13-bit linear DAC and the 
sign-plus-8 bit Companding DAC lies in the distribution of the 
dB ratio values within the steps of the 59dB workable audio 
dynamic range. For a linearly scaled 13-bit linear DAC, the 
level ratios in dB among the steps close to the full scale 
current are very small. The ratios increase as the step 
numbers decrease toward zero. On the other hand, the 
sign-plus-8 bit Companding DAC maintains a near constant 
0.15dB between steps over the entire dynamic range, with the 
exception of steps in chord 0. 


The 59dB working dynamic range is not wide enough for high 
quality audio systems which require an 80dB audio control 
range. To satisfy this requirement, two DACs can be 
cascaded with their digital inputs driven in parallel. The total 
dynamic range is now increased to 156dB and the working 
range, (1dB/step or less), is now approximately 106dB. A 
cascading scheme for Companding DACs, which also 
provides for DC transient-free operation, is shown in Figure 
31. The advantage of the cascaded Companding DAC’s 
scheme over a similar cascaded linear DAC’s scheme is in 
the number of control bits required to achieve the 106dB 
range and in the 0.3dB/step uniform attenuation distribution 


‘ 
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over most of the 106dB range. The audio signal, Vin, is 
shown in Figure 31 as a single input. 


All three Companding DACs in Figure 31 have their SB inputs 
tied to logic 1. The reference currents for all three DACs 
should be maintained at positive values throughout the 
attenuation procedure by proper selection of the input resistor, 
Rin = Vin/lin, Where lin < IRep. In Figure 31, the maximum 
lin Value is equal to one half of the DC reference current, and 
the maximum value of Vjjy is only limited by the output. 
voltage swings of operational amplifiers A2 and A3. The DC 
transient effects in the cascaded DACs are compensated for 
by using a Companding DAC followed by the A1 op-amp. The 
DC compensation circuitry is completely isolated and 
independent of the AC effects of the applied audio signal Vij, 
and the only critical requirement is matching Ry and Rrer+)- 
The step sizes in all chords should be matched for all three 
Companding DACs. For audio signals with amplitudes not 
more negative than —5V, (Companding DAC’s maximum 
negative output voltage is —5V), the A1 op-amp can be 
eliminated, and the positive inputs of the A2 and A3 op-amps 
can be driven by the DC compensating DAC directly. 


Companding DACs, with their logarithmic transfer function, 
are natural generators for the attack and decay analog signal 
waveforms used in electronic organs and musical 
synthesizers. A waveform’s attack, sustain, and decay times, 
together with additional harmonic content information, 
determine the sounds of a particular musical instrument. For 
example, woodwinds have very short attack and decay times. 
The circuit shown in Figure 32 generates trapezoidal-like 
waveforms with exponential rise and fall times under the 
control of an 8-bit microprocessor, Am9080A. Digital inputs 
are supplied by two pairs of 4-bit binary counters, 
Am25LS191, which are set to the Count Down mode. All of 
the counters are simultaneously loaded by the LOAD 
command which is decoded from the microprocessor’s 
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address signal combination. Companding DACs 1 and 2 are 
in the decode mode. The SB inputs are determined by the 
most significant data bit, DB7, which is stored in the flip-flop 
during counter loading. The Companding DACs’ decode 
outputs which have the same polarity are tied together and 
fed into an LF356 operational amplifier. After the settling time 
required for the Companding DAC’s outputs, the currents at 
the op-amp’s inputs should be equal, and its output, Voyr, 
should be OV. A command COUNT #1 closes the analog 
switch, AHO014, and enables counters 1A and 1B via their 
ENABLE inputs. The 500kHz clock frequency allows sufficient 
settling time for the Companding DAC’s outputs. The initial 
rise of the op-amp output voltage, Voyt, depends on the 
number initially stored in the counters, i.e., it depends on the 
starting-point of the Companding DAC transfer characteristic. 
When Counter #1 reaches zero, the INT1 signal indicates 
underflow, further counting stops, and the microprocessor is 
informed about the end of Counter #1 operation. After a 
certain sustain time, which can be preprogrammed, the 
microprocessor issues the COUNT #2 command and the 
Vout waveform starts its decay portion. The time duration of 
the Attack and Decay slopes generated by the logic in Figure 
32 are equal and is specified by the starting count in Counters 
#1 and #2. 


Note that the microprocessor can contro! the counting 
functions and the external counter could be replaced with 
simple, octal data latches. With the increased use of digital 
techniques and microprocessors for control functions in 
complex audio systems, microprocessor controlled analog 
waveforms, similar to those generated by the logic in Figure 
32, may become very desirable and attractive tools for the 
generation of various audio effects. However, it is important to 
remember that the output from the Companding DAC consists 
of discrete, non-uniform steps and is not continuous. To 
obtain; a real, continuous signal from the output, some filtering 
or integration may be required. 


Telecommunication System Applications 


Digital PCM transmission systems compress analog speech 
signals into a train of 8 digital bits for each sample. They 
transmit this information and then decode and expand it back 
into analog signals. The Companding DAC represents a 
monolithic solution for most requirements of the PCM 
encoding and decoding procedures. This device replaces a 
considerable number of discrete and hybrid components in 
existing PCM transmission schemes. At the same time, the 
Companding DAC provides increased signal-to-noise ratio in 
the system, reduces system signal distortions and stimulates 
further development and wider usage of digital channel 
switching techniques. 


Currently, most transmission systems in the United States 
follow the Bell D3 communication channel bank specifications, 
where each channel bank consists of 24 voice channels and 
the necessary transmission equipment. The entire signal 
sampling, encoding and multiplexing procedure in the 24 
channel bank system must be performed within 125us. The 
PCM channel time slot distribution, within a one 125us time 
frame, is shown in Figure 33. Each slot contains an 8-bit 
digital representation of a. particular signa! sampled from a 
corresponding voice channel. The total number of bits in the 
D3 channel bank time frame is calculated as follows: (24 
channels x 8 bit/channel)+ 1 signalling bit = 193 bits. The 
additional single bit is used to identify the beginning of a 
frame, and data is transmitted at 1.544MHz (193 bits/samples 
x 8000 samples/sec). In addition, in every sixth frame the 
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Fig. 33. PCM Channel Timing Frame Format. 


least significant bit in each channel slot is used for 


- communication signalling purposes. Consequently, the signal 


samples in every sixth frame are represented with only 7 
digital bits. The increase in signal distortions in this time frame 
is slight and is not considered significant for PCM voice 
transmission performance. When the Companding DAC is 
used as a simple decoder at the receiving side of a system, 
the connection shown in Figure 19 can be used to minimize 
distortion caused by the absence of the least significant bit, 
B7, during these signalling frames. When the signalling frame 
is recognized, the Companding DAC output is increased by a 
half step from its corresponding decode output value by 
switching the E/D input from a logic 0 level to a logic 1. 
However, the European systems, using A-law devices, have 
32 channels per bank where the 2 channels are used for 
signalling information. Each frame requires 256 (32 x 8) bits. 
The corresponding data transmission rate is 2.048MHz (256 
bits/sample x 8000 sample/sec). 


In a two-way PCM communication system, a single 
Companding DAC can perform the time shared encoder and 
decoder functions known as the CODEC function. The logic 
state of the E/D input determines the operating mode of the 
Companding DAC and switches the output. current to the 
appropriate outputs. The Companding DAC digital inputs © 
during the encode operation are generated by the successive 
approximation procedure. In the decode mode, the eight 
digital inputs are supplied from an. external source, either in 
serial or parallel. The basic diagram for a typical CODEC is 
shown in Figure 34. 


The logic in Figure 34 provides automatic handling of the E/D 
signal levels during the CODEC’s XMT mode of operation. 
The first task of the system is to initialize the SAR circuit by 
proper manipulation of the START input for the successive 
approximation procedure. The XMT COMMAND should be 
synchronized with the low-to-high transition of the START 
pulse, and its level must be held at logic 1 for the next 8 
CLOCK pulses to keep the three-state XMT buffer, 74126, in 


_the low impedance state. During the A to D conversion period, 


a serial train of 8 digital bits, which represent the sample at 
the TRANSMIT ANALOG INPUT in Figure 34, appears on the 
XMT DATA line. XMT and RECEIVE commands are mutually 
exclusive. 

The CODEC in Figure 34 is set to the receive mode of 
operation by setting the RECEIVE command signal to a logic 
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Fig. 34. PCM Encoder/Decoder 


0 level after the START pulse returns to its positive level. A 
serial data source, DATA STORAGE, supplies a digital train 
of 8 bits to the serial input D of the SAR circuit via the 
three-state buffer, RCV, 74126. At the same time, the 
RECEIVE command signal level keeps the exclusive-or gate 
output separated from the same SAR’s serial D input via 
another three-state buffer, SEP. The same command also 
keeps the E/D input of the Companding DAC at logic 0 
throughout the entire D to A procedure via the MODE flip-flop 
in the successive approximation logic. In this CODEC’s 
receive mode, the SAR circuit acts as a serial-to-parallel shift 
register for the incoming data on the RECEIVE DATA line. 
After the 8 clock pulses, the outputs of the SAR are ready for 
the D to A conversion. An analog current representation of the 
RECEIVE DATA train, appears at the RECEIVE. ANALOG 
OUTPUT, after an appropriate settling time. During this time 
the SAR outputs must remain unchanged and the START 
signal must remain at logic 1. The RECEIVE command signal 
must be held at logic 0 for the entire D to A conversion time 
which includes the Companding DAC’s settling time. The 
CODEC must sample the analog input prior to each A/D 
conversion. During this sampling period the analog input 
signal will be changing and the Companding DAC cannot be 
used to encode this signal. The total encoding time must 
include the sampling time and the A/D conversion time. If the 
sampling time period is greater than the time required for the 
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decoding procedure, the Companding DAC can be used as a 
decoder during this time period and thus, the decoding 
operation will not require any additional system time. 


The CODEC operations in PCM communication systems can 
be performed on a single channel or on multiple channels in a 
multiplexed channel switching scheme. The final number of 
multiplexed channels which can be served by a single 
Companding DAC with a data sampling rate of 8kHz is limited 
by the CODEC’s sampling and settling times. 


Two examples of a single channel PCM CODEC are shown in 
Figure 35 and 36. The major difference is in the structure of 
the XMT and RECEIVE data bus. The parallel data !/O 
CODEC in Figure 35 transmits and receives digital data in 
parallel form. The parallel data CODEC contains data bus 
transceivers, (Am)81T26, for handling data in communications 
systems which might be controlled by one of the popular 8-bit 
microprocessors. A parallel data 1/0 CODEC has a 
considerably shorter D to A conversion time than a serial I/O 
CODEC. , 


The circuits shown in Figures 35 and 36 are controlled asyn- 
chronously with START, XMT, RECEIVE and their corre- 
sponding SAMPLE COMMANDS, which are generated and 
supplied externally by.a communication system. The CLOCK 
signal is also externally supplied, and in the case of a serial 
data I/O CODEC, it must be synchronized with the incoming 
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Companding DAC 


and outgoing serial data train. The CODEC's only output con- 
trol signal, CONVERSION COMPLETE, CC, provides the ex- 
ternal communication system with information necessary to 
generate a -XMT signal during the encoding procedure. XMT 
and RECEIVE commands are mutually exclusive. The trans- 
mit and receive data transfers can be performed either alter- 
nately or simultaneously. In the latter case the external com- 
munication system must employ separate transmit and re- 
ceive data buses. In addition, storage devices external to the 
CODEC logic must be provided for the receive data. The code 
assignment for outgoing or incoming parallel data provides 
uncomplemented binary values for sign and magnitude. The 
‘DAC data bus, as a result, yields “high zeros” density for 
small output signa! amplitudes. 


To perform a transmit operation cycle, the START pulse must 
be held low for one clock cycle. Data conversion for a trans- 
mit operation is completed in 9 clock cycles, where the ninth 
cycle initializes the SAR for the next successive approxi- 
mation procedure. 


The RECEIVE operation in paratlel data 1/0 CODEC is per- 
formed without using SAR logic, and the corresponding D to A 
data conversion does not require a CLOCK signal. Duration of 
the RECEIVE command signal must accommodate the Com- 
panding DAC’s settling time, plus the sampling time (~5ys) 
required by the S & H circuit, used at the CODEC’s analog 
output. The typical settling time for the worst case input code 
transition from all ones to all zeros is about 4us. The re- 
ceiving data must not change during this time. A XMT com- 
mand must be issued after a high-to-low transition of the CC 
signal, and its duration depends on the time required by the 
external system logic to sample the correct content from the 
8-bit paralle! data bus. A sample command pulse for a trans- 
mit operation can coincide with the START pulse; its duration 
depends on the sample and hold circuit used at the CODEC’s 
analog input. A sample command pulse for a receive oper- 
ation must be delayed from a low-to-high transition of the 
RECEIVE command signal by an amount equal to the Com- 
panding DAC’s settling time. Its termination can coincide with 
a high-to-low transition of the RECEIVE command signal. 


In the serial CODEC the duration of XMT and RECEIVE 
command signals must similarly accommodate all signal 
propagation delays, as well as the settling and sampling 
times, necessary for conversion of an outgoing or an incoming 
series of 8 digital bits. During the receive operation, the SAR 
is acting as a serial-in to parallel-out shift register for data 
supplied from an external serial source. Shifting data into the 
SAR requires 9 clock pulses. A sample command pulse for a 
transmit cycle must be issued before an XMT command sig- 
nal; its duration depends on the S & H sampling time used at 
the CODEC analog input. A sample command pulse for a re- 
ceive cycle must be delayed by a time equal to the Com- 
panding DAC's settling time after a high-to-low transition of 
the CC signal occurs. The data transmission rate at the re- 
ceive line is limited only by the shifting speed of the SAR 


which is rated at 15MHz. The data transmission rate at the _ 


serial CODEC’s data XMT line is limited by the settling time of 
the Companding DAC and propagation delays through the 
comparator, exclusive-or, buffer (74126), and SAR devices. 


In a one-way PCM communication system the Companding 
DAC can be used as the decoder at the receiver end of a sys- 
tem or as a part of the encoder at the transmission end of a 


system. The transmission data bit rate for 24 communication. 


channels sampled at 8kHz is 1.544 megabits/sec. This trans- 
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mission rate allocates 0.64us for each of 193 bits within a 
125us long 24-channel time frame. A 24-channel PCM de- 
coder which is capable of handling this transmission bit rate is 
shown in Figure 37. This schematic does not show the logic 
necessary for recognition of frame and signalling bits. To 
handle a single bit in 0.64s the total signal propagation time 
through the 8-bit D-type register, Am25LS273, the Com- 
panding DAC, Am6072, and the op-amp must not exceed 8 x 
0.64us = 5.12us. This corresponds to the total shifting time 
of 8 bits through the serial-in, parallel-out, shift register, 
Am25LS164. The most critical propagation delay is caused by 
Companding DAC’s worst case settling time which corre- 
sponds to the worst possible input transition of 1111111 to 
0000000, which can occur during D to A conversion. If 4us 
are taken for the worst case settling times of the DAC and 
op-amp, only 1.12us are left to be distributed to all other time 
delays in the system. The 4-bit counter, Am25LS161, and 
8-bit shift register, Am25LS164, are synchronized with the 
system supplied data clock at 1.544MHz. The additional logic 
in Figure 37 consists of analog switches AHO014 and 
AM9712, and the corresponding SSI control logic. This switch- 
ing scheme provides a minimum of crosstalk between output 
analog channels which may occur due to a possible break- 
before-make switching problem. The output analog channel 
hold capacitor values depend a lot on the type of a load at 
these outputs. The Bell D3 specification specifies system per- 
formance down to signal levels of —50dB (00000111 code on 
the transfer curve). Worst case settling time from full scale to 
~—50dB is about 2.54s. Decoders in excess of 24 channels, 
can be built using this settling time but they will have some- 
what higher distortion for signal levels below —50dB. 


In the PCM encoder schematic shown in Figure 38, the 
maximum settling time for the Am6072 is assumed to be 
1.2us for the worst input bit change. The Bell D3 specification 
can be satisfied using a settling time of 1.2us, which is the 
worst case settling time in the successive approximation pro- 
cedure for signals near —50dB (lowest level on D3 specifica- 
tion). There will be some additional error for very low level 
signals, but the overall system will meet the D3 specification. 
The additional logic delay in the feedback path is estimated to 
be 100ns maximum, and is distributed among the comparator, 
Am686, the digital 2:1 multiplexer, Am74S258, the exclusive- 
or circuit, 74LS86, and the SAR, Am2502. This yields 1.3us 
for one successive approximation iteration. Further timing 
analysis shows that, with no additional delays, 12 channels 
can be encoded within the 125s: 


1.3us °8e12 = 10.4us° 12 = 124.8us 
Clock = 1/1.348 = 769.23kHz 


Two methods are used in the schematics in Figure 38, to pre- 
vent additional delays. First, a special switching scheme of 
analog input signals is employed to sample a channel from 
one group while a channel from the other group is encoded. 
This sampling scheme saves the time required for sampling of 
an analog input and provides a solution for encoding a 
maximum number of channels for the given “one-bit iteration” 
time. This design uses analog multiplexers, AM9712, and 
sample and hold circuits, (Am)LF398. The analog multiplexer 
at the Companding DAC output, AHO014, switches to another 
comparator during the time allocated for the first bit iteration, 
when the sign bit of a sample is established and no current 
flows through Iog outputs. Secondly, a one shot circuit is used 
to modulate the positive period of the first data clock pulse, 
after the SAR’s CC signal is generated. The one shot pulse 
should split the positive portion of this first clock pulse into 
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Fig. 37. 24-Channel PCM Decoder. 


two positive pulses, and the positive edge of the second pulse analog multiplexer, (AM9712), and S & H, (LF398), to switch 
will initialize the SAR and eliminate the need for a ninth pulse. and settle prior to the actual A/D conversion which takes 
The net effect of this pulse modulation is a reduction of the 10.4us. 

time available to the SAR for the determination of the sign bit ; 

value and reduction of the time available for recording the One multiplexed CODEC using a single Companding DAC is 
SAR outputs with the correct least significant bit value. How- shown in Figure 39. The CODEC’s entire activity is syn- 
ever, the time for sign bit evaluation is 1s, and the LSB chronized with a data clock which drives the RECEIVING 
value can be taken from the SAR’s serial data input D at the REGISTER, Am25LS22 (8-bit Serial/Parallel Register), the 
time of conversion completion. The encoding logic in Figure SAR, Am2502, and the 4-bit binary counter, Am25LS161. 
38 is fully synchronized with the system supplied data clock Maximum clock frequency is limited by the delays involved in 
which is input at.a frequency of 769.23kHz. A similar en- the encoding path and by the data transfer protocol chosen 
coding scheme provides encoding of 8 channels within the for the XMT and RECEIVE data lines. Using 1.8us for the 
125s time without the circuits which are enclosed by dotted Companding DAC’s longest settling time and 150ns for all 
lines in Figure 38. Only-one S & H circuit and one comparator other propagation delays in the encoding path, the minimum 
can be used, and the AHO014 and 74S258 circuits can be time for eight iterations amounts to 8 x 1.95us = 15.6us. The 
eliminated. This D3 system’s 8-channel PCM encoder has corresponding Data Clock frequency is 512.82kHz. A time 
15.6us for an A/D conversion, which allows 5.2us for the frame of 125us contains eight time-slots of 15.6us each. 
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Fig. 38. 12-Channel PCM Encoder. 


The CODEC in Figure 39 has four multiplexed channels, and 
uses the data conversion protocol illustrated in Figure 40. This 
protocol allocates equal time to the encoding and decoding 
* procedures. Although this is not the most economical timing 
scheme, it significantly simplifies the CODEC’s logic. The 
value of the most significant bit, MSB, of the 4-bit counter 
controls the switching between the encode and decode func- 
tions, and the switching of the input and output analog chan- 


nels in the analog multiplexers, AM9712, via 1 of 4 decoder 
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circuit, Am25LS2539, (Dual 1 of 4 decoder). During the nega- 
tive half of the MSB period, the S & H circuit is placed in the 
hold mode, the DATA CLOCK and the outputs of BUFFER 
REGISTER, Am25LS373, (Octal Transparent Latch), are ena- 
bled and the Companding DAC is placed in the encode mode. 
At the same time, the RECEIVING REGISTER, Am25LS22, is 
receiving data with its outputs in the high impedance state. All 
analog switches, XMT and RECEIVE, are open during this 
negative portion of the MSB signal. 
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Fig. 39. 4-Channel PCM CODEC with Simultaneous XMT and Receive Data Transfers. 
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Companding DAC 


During the positive half of the MSB signal period, data clock 


inputs to the SAR and RECEIVING REGISTER, and START 
input to the SAR, are kept at logic 0. The S & H circuit is put 
into the sample mode, the BUFFER REGISTER is put in the 
high Z state, the RECEIVING REGISTER outputs are en- 
abled, and the Companding DAC is put into the decode 
mode. During this positive period, the currently addressed 
XMT and RECEIVE analog switches are closed. The positive 
going edge of the MSB signal also updates the address code 
for the analog switches. 


Additional timing analysis reveals that by using different and 
reduced maximum settling times, for the encode and decode 
portions of the above described data conversion protocol, the 


number of multiplexed channels can be significantly in- 


creased. However, the necessary logic for contro! and timing 
of unequal encode and decode data conversion time periods 
will be more complex than the logic shown in Figure 39. The 
same encode/decode alternating timing procedure, with 1.1ps 
allocated for the A/D settling time, and with only 5.6us al- 
lowed for D to A conversion, (not limited by the DAC), will re- 
sult in eight multiplexed channels. Systems requiring more 
than eight channels can be built using multi sample and hold 
circuits to reduce the input sampling time period. The 
maximum number of channels, limited by the Companding 
DAC'’s settling times, can be further increased by adjusting 
data clock frequency to its optimal values for each of the suc- 
cessive approximation bit-iterations, repeatedly, for every A/D 
data conversion. 


SUMMARY 


The Companding DAC was originally developed for the needs 
and requirements of PCM communication systems. When 
used to perform a decoder function, at an 8kHz sampling rate, 
a single Companding DAC can comfortably serve up to 24 
voice channels. As a part of the encoding scheme, the Com- 


‘panding DAC can accommodate’ 12 D3 communication chan- 


nels. For implementation in CODEC functions, the Com- 
panding DAC is ideal for single channel CODEC schemes. 
The length of the output current’s settling time is the most im- 
portant parameter to be considered for the Companding 
DAC’s implementation.in multiple channel CODEC schemes. 
An 8 channel CODEC is probably an optimum number of 
channels which can be served by a single Companding DAC. 


The timing restrictions are not of such importance in industrial 
systems. A logarithmic-like, piece-wise transfer function and 
the very fine resolution and accuracy of a 12-bit linear DAC 
which are achievable in the Companding DAC’s chord 0, pro- 
vides industrial systems with a very sensitive tool. In addition, 
the Companding DAC’s compatibility with 8-bit micropro- 
cessors offers a very powerful control vehicle in the areas of 
data acquisition and instrumentation systems. A wide dynamic 
range of 78dB which can be extended by a cascading 
scheme to 156dB or more, and a high signal-to-distortion ratio 
of 80dB, allow usage of the Companding DACs for attenua- 
tion functions even in a high fidelity audio system. Industrial 
applications represent a large potential market for Com- 


’ panding DACs and they should be given serious consideration 


by industrial system designers. 
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the Audio. Engineering society, 1976, An Audio Engineering Society preprint. 


A Monolithic Companding D/A Converter, J.A. Schoeff, 1977 ISSC Conference, Digest of Technical Papers, 


Philadelphia, PA, USA. 


The Am6070, Am6071, Am6072 and Am6073 Data Sheets, Advanced Micro Devices, Sunnyvale, CA, 1977. 
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Am6606 


6-Bit 100MHz Quantizer 
PRELIMINARY DATA 


DISTINCTIVE CHARACT ERISTICS 


100MHz sampling rate 

50MHz full power bandwidth 

25ps aperture uncertainty time 

10ns maximum encode delay 

6-bit resolution, expandable to 8 bits 

8-bit accuracy 

Large bipolar input voltage range 

ECL output 

Q and Q outputs on MSB for two’s complement 
conversion 


FUNCTIONAL DIAGRAM 


VREF Ht 


OVERRANGE 
DISABLE 


OUTPUT STAGE 


LATCH AND DECODING 


V2VpeF 


VREF LOW 


LE Ul 
LATCH ENABLE 


ORDERING INFORMATION* 


Temperature 
Range 


—55 to +125°C 
—55 to +125°C 
~55 to +125°C 


—25 to +85°C 
Am6606DL-7 —25 to +85°C +10mV 
Am6606DL-6 —25 to +85°C +20mV 


*Also available with burn-in processing. To order, add suffix B to 
the part number. 


Order 
Number 


Am6606DM-8 
Am6606DM-7 
Am6606DM-6 


Am6606DL-8 


Maximum 
Error 


.+5mV 
+10mV 
+20mV 


+5mV 


Package 


Hermetic DIP 
Hermetic DIP 
Hermetic DIP 


Hermetic DIP 
Hermetic DIP 
Hermetic DIP 


FUNCTIONAL DESCRIPTION 


The Am6606 6-bit quantizer consists of an array of 64 
high-speed ECL sampling comparators with, master/slave 


latching, a resistor voltage divider and an ECL compatible 


3-101 


binary encoder. It will accurately quantize an analog 
voltage into 63 equally-spaced levels and send out a 6-bit 
binary digital word at sampling rates up to 100MHz. 


Resolution beyond 6 bits, up to a maximum of 8, may be 
obtained by stacking quantizers (n bits of resolution 
requires 2n-6 quantizers). An overrange output is pro- 
vided to indicate that the input signal has exceeded the 
full-scale limit. An overrange disable input is also provided; 
when connected to the positive supply, inputs in excess of 
the full-scale limit will cause bits zero through five to 
remain at logic ONE instead of resettling to logic ZERO: 
and toggling the overrange bit odl ta logic ONE. This 
feature is useful when one Am6 sed as a stand- 


would be indistinguishab 
by a low input signal. 


The high-speed 


@ quantizer changes to the hold mode 

digital binary output from the new sample is 
ermal latches are required if proper attention is © 

e timing of LE and LE drive. 


e outputs are open emitters, requiring external pull-down 
resistors of a minimum of 100 ohms to —2V or 330 ohms to 
—5.2V. 


These devices can be used in video data conversion and 
time base correction, radar signal processing, nuclear 
pulse height analysis and other systems requiring very 
high-speed analog-to-digital conversion. 


COMECTION DIAGRAM — Top View 
D-24-1 


vt 


OVERRANGE 
DISABLE 


DIG.GND 


VREF HI 
VREF LOW 
ANA.GND 
Vin Qo LSB 
ANA.GND Q, 
DIG.GND Q2 
LE Q3 
LE % 
ANA.GND Q; MSB 


ANA.GND Qs 


| OVERRANGE 


1/2 REF 


v- . DIG.GND 
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Am6606 
MAXIMUM RATINGS (Above which the useful life may be impaired) . 


Supply Voltage: Positive  +6V Output Current (each output) 15mA 


Sok 2 7. See oS 8 Temperature: Operating, Am6606DM —55 to +125°C 
Input Voltage: Analog -5to+3V° Am6606DL —25 to +85°C 
References -—5to +3V Storage —65 to +150°C 
Digital '--5 to OV Junction 7 +175°C 
Differential Voltage: Analog Input to References +6V pes = EOIN ee 
Analog Gnd to Digital Gnds +0.1V Minimum Operating Voltage (Vt to V7) 10V 


ELECTRICAL CHARACTERISTICS (Ta = 25°C, note 1, unless otherwise specified) 
DC CHARACTERISTICS 


Parameter Description (see definitions) Test Conditions (Note 1) Min Typ Max Units 


Error Voltage (each transition) 





a » ~6 
Differential Nonlinearity AVrer = AVREF(min) ' 


Am6606 — 8 
Reference Resistor Voltage : _97 


(VRHI~VALO) aig 





Reference Current AVREF = 2.56V 
Analog Input Current Vin= Vey 
Latch Input Current - “Vi = Vow : 
Output HIGH Voltage 
Output LOW Voltage 


‘Positive Supply Current 
Negative Supply Current 


























ae th 
: er Ls Ou 
AC CHARACTERISTICS .--» . om av” : : 
Parameter Description (see definitions) ».<. Test Conditions (Note 1) _ Min Typ -Max Units 


yy ~ 
Puig pet Bane 


Maximurti Sampli ng Frequency 100 
Encode Delay (each transition)2 
1 
id Ti | 


= 





























Aperture Uncertainty Time 
tay Data Valid Time 


‘Notes: 1. Unless otherwise specified, V+ = +5.0V, V~ = —5.2V, Vay; = +2.56V, Vam = + OV, Vato = —2.56V, tow = 5ns, and Ry = 1002 to -2V 
at all outputs. The Am6606 is designed to meet the specifications given in the table after thermal equilibrium has been established with a 
transverse airflow of 500 LFPM or greater. : 
2. Timing characteristics are for a 100mV analog input pulse level-shifted at each transition point to provide an overdrive of 1mV past the 
maximum specified error voltage. , 
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FUNCTIONAL PIN DESCRIPTION 


REF-Hi 


REF-LOW 


Vin < vin getvner | 


High end of the reference resistor string. This 
pin should be tied to a low-impedance refer- 
ence source. REF-HI voltage must be in the 
range of: 

REF-LOW < REF-HI = +2.56V 


This pin is connected to the center of the 
reference resistor string. It can be connected 
to a low-impedance source at a voltage 
halfway between REF-HI and REF-LOW to 
improve linearity. 

This pin is connected to the low end of the 
reference resistor string and should be 
connected to a low-impedance reference 
source. REF-LOW voltage must be in the 
range: 

~2.56V < REF-LOW < REF-HI 


The signal to be quantized. 


Differential latch enable inputs. These pins 
should be connected to a differential ECL 
sample clock. 


Quantizer data output pins. They are a 
binary representation of Vij, bit 5 is the MSB 


OVERRANGE 
DISABLE 


TRUTH TABLE 


| &sveer <n < Seamer | <ViIn< a5 3p 4VREF 


Output 
Overrange 


Analog Input 
— to a 





3 
5 AVrer < Vin < §q4VREF 





ji 
5 
AVREF <VIN< 6] © aver 
1 
FVrer < VIN < < g AVREF 





+ AVper < Vin < oy AVREE H 


i AVReF <Vin < i AVREF OV 





1 17 
q AVrer < Vin < oq SVREF OV 











31 1 
ea 4VReEF <VIN< 5 AVREF | 


1 33 
3 AVREF < Vin < @q 4VREF 





63 
@q 4Vrer < Vin < AVREF 





AVreF < VIN 





AVrer < Vin 


Am6606 


bit. All data outputs are ECL compatible. 


These differential overrange outputs are pro- 
vided to allow Am6606s to be cascaded or 
stacked for higher resolution systems. Bit 6 
will be HIGH when Vjjy is greater than 
REF-HI or when overrange disable is tied to 
V+. These pins are ECL compatible. 


When this pin is tied to D.GND, bits 0-5 
will be driven LOW whenever Vin is greater 
than REF-HI (overrange condition). Tying 
this pin to V+ causes Qo-5 to stay HIGH 
on overrange. 


Positive power supply. 
Negative power supply. 


The ground for the ECL circuitry. All digital 
grounds should be tied together and a 
low-impedance ground path should be 
maintained. 


The analog ground. All analog grounds 
should be tied together and should be tied to 
the digital ground at only one point in the 
system. 

















Am6606 
DEFINITION OF TERMS 


Vos ERROR VOLTAGE - The voltage difference between I+ POSITIVE SUPPLY CURRENT — The current re- 
each nominal transition voltage (n/64 AVrer + VALo) quired from the +5V supply to operate the quantizer. 
ee Rael VO ages eauecd to: Dome ne yon I- NEGATIVE SUPPLY CURRENT - The current re- 
change of state at the outputs. The given limits apply quired from the —5.2V supply to operate the quantizer. 
over the full input voltage range, for +5% supply volt- ox 
age tolerances, and for reference resistor voltages Ppiss POWER DISSIPATION — The power dissipated by the 
from the specified ‘minimum up to 2.56V. A voltage quantizer at full-scale (output code 01111) with all out- 
source of 1/2 AVaer + VALO must be used at the ref- puts terminated in 1002 to —2V and with 5.12V refer- 
erence resistor midpoint (Vam) in order to obtain the ence resistor voltage. 
error specifications of the —7 and —8 product grades. Fep FULL POWER BANDWIDTH — Maximum full-scale 
This is necessary to reduce the effect of comparator input frequency that can be digitized. 
bias edits Saree on the reference divider over me Faax MAXIMUM SAMPLING FREQUENCY — The 

: Ope rung temperate tang? maximum sampling rate at which the quantizer can 

DNL DIFFERENTIAL NONLINEARITY — The difference correctly encode an analog signal. : 
sey actual a eae eet varie tow MINIMUM SAMPLE TIME -. The minimum time (at the 
CAINS LOA MITE, SS ees 50% points) that the quantizer must be sampling (Latch 
minimum reference resistor voltage where the errors Enable HIGH, Latch Enable LOW) in order to acquire and 
are a significant fraction of an LSB. The limits given hold an input signal charge. 
guarantee monotonicity and no missing codes. 

. . t ENCODE DELAY - The propagation delay measured 

Vin INPUT VOLTAGE — The range of applied voltages at is from the 50% point of the Lach Enable HIGH-to-LOW 
ihe analog Hplatinabali ee ee yes ihe: orter transition to the 80% point of an output LOW-to-HIGH 
voilage and encode delay specilications apply. transition (or the 20% point of an output HIGH-to-LOW 

AVraer REFERENCE RESISTOR VOLTAGE — The external transition). The analog input signal applied to cause 
voltage applied across the 64-section resistive divider the outputs to change is 1mV in excess of the guaran- 
(VaHi — VRLO). The specified minimum is determined teed error voltage limits. Each of the 64 transition 

a . 7 . g 
by the error voltage and differential nonlinearity limits, points is tested for inputs above and below the nominal 
and the maximum is set by transistor emitter-base transition voltages. 

* breakdown voltage. Error voltage caused by resistor ts MINIMUM SETUP TIME — The minimum time before 
aiid er inlsmater ie seees linearly with Yonag the negative transition of the Latch Enable signal that 
therefore, the error voltage limits are guaranteed only an analog input signal change must be present in order 
up to 2.56V. to be acquired and encoded by the quantizer. 

IneF = REFERENCE CURRENT — The current drawn from th MINIMUM HOLD TIME — The minimum time after the 
the external voltage reference by the reference resis- negative transition of the Latch Enable signal that the 
ior IEIS epeciiod at ihe aceite feforencs voliage ter analog input signal must remain unchanged in order to 
which the error specifications apply. be acquired and encoded by the quantizer. 

lb ANALOG INPUT CURRENT = Tne eugent inte the tay DATA VALID — The propagation delay measured from 
analog input terminal. The value of this current in- the 50% point of the Latch Enable LOW-to-HIGH 
creases as ING analog Input voltage rises toward full- transition to the 80% point of an output HIGH-to-LOW 
eee due tots neces number of COMPS transition (or the 20% point of an output LOW-to-HIGH 
being switched wn: The limit given is for Inputs above transition). The combination of sampling frequency, 
full-scale, which is the maximum condition. encode delay, and analog delay determines the time 

IL LATCH INPUT CURRENT -— The current into either that the output data is valid. The analog delay is mea- 
ECL latch input terminal. The maximum value of this sured with a large input signal (79 to 94mV) in excess 

: current occurs when a logic HIGH is applied. of the nominal transition voltage, which is the worse 

VoH OUTPUT HIGH VOLTAGE — The logic HIGH voltage Son gilonanclnaln aeray: 
at any output with an external 1002 pulldown resistor ta APERTURE UNCERTANTY TIME — Time variations 
returned to —2V. or uncertanty between comparators entering the 

VoL OUTPUT LOW VOLTAGE - The logic LOW voltage at hold mode. 


any output with an external 1000 pulldown resistor 
returned to —2V. 





‘THERMAL CONSIDERATIONS 


In order to achieve the high-speed of the Am6606, a large amount of power is required to be dissipated by the package. This increases 
the temperature of the chip relative to the ambient temperature. To be compatible with other ECL circuits which normally use airflow as 
a means of package cooling, the Am6606 characteristics are specified for an airflow across the package of 500 linear feet per minute or 
greater. Thus, even though different. ECL packages on a circuit board may have different power dissipations, all will have the same 
input and output levels, provided each sees the same airflow and temperature. This eases design, since the only change in characteris- 
tics between devices is due to the increase in ambient temperature of the air passing over the devices. If the Am6606 is operated 
without airflow, the change in electrical characteristics due to the increased chip temperature must be taken into account, and the 
maximum ambient temperature is limited to 70°C with a thermal derating of 60°C/W. 


INTERCONNECTION TECHNIQUES 


All high-speed ECL circuits require that special precautions be taken for optimum system performance. The Am6606 quantizer is no 
exception. A ground plane must be used to provide a good, low inductance, ground current return path. The impedance at the analog 
input should be as low as possible and lead lengths as short as practical. It is preferable to solder the device directly to the printed 
circuit board instead of using a socket. Open wiring on the outputs should be limited to less than one inch and should be kept away from 
the input and voltage reference pins. For longer lengths, the printed circuit interconnections become microstrip transmission lines when 
backed up by a ground plane, with a characteristic impedance of 50 to 150 ohms. Reflections will occur unless the line is terminated in 
its characteristic impedance, which can be no less than 100 ohms for the AmM6606 when terminated to ~2V. Best results are usually 
obtained with the terminating resistor at the end of the driven line. The supply voltage and reference input pins should be well de- 
coupled with RF capacitors connected to the ground plane as close to the device pins as possible. 
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Am6606 


Am6606 TIMING DIAGRAM 


(0-TO-1 TRANSITION SHOWN) 


APPLICATIONS INFORMATION 


Figure 1 shows the Am6606 in its basic connection. In this 
example it has been setup for bipolar inputs with the reference 
inputs buffered by operationa! amplifiers. An Am685 has been 
used to drive the Latch Enable inputs; the input to the Am685 
should be a square wave centered about ground. A low- 
impedance buffer should be used to drive the Analog Input in 


order for the full bandwidth of the device to be utilized. The, 


input capacitance of the Am6606 is approximately 25pF; if the 
input is driven from a high-impedance source a low pass filter 
is formed and high frequency inputs will be attenuated. In this 
application of Figure 1 the Overrange Disable pin has been tied 
to V+ to cause bits 0—5 to stay HIGH on an overrange and to 


NOMINAL TRANSITION VOLTAGE 


4 Vrer + Vrer Lo (n = 1 TO 64) 


allow the system to distinguish between overrange and zero, in 
a 6-bit application. 


Figure 2 shows four Am6606s connected as a 100MHz 8-bit 
quantizer. NOR gates are used to decode the Overrange Out- 
puts for bits 6 and 7. The tow order bits (0—5) are wire-OR’d 
together and connected to OR gates to match the delay 
through the NOR gates. The Overrange Disable pins on the 
lower three quantizers are tied to D.GND so that they do not 
interfere with the wire-OR connection. The Overrange Disable 
of the top quantizer is tied to V+ so that all eight outputs will be 
HIGH when the input is overrange. 


Figure 1. Applications Circuit 


1K 
= LOW OUTPUT 
IMPEDANCE BUFFER 


> 


Vin O 
LE F 
SIGNAL 


V4 


Note: All quantizer outputs should have = -V¥-52V 0 


1002 pulldown resistor to —2V. 


VV 


REF H! +V 
OVERRANGE 
REF te DISABLE 


ANA.GND DIG.GND 


Vin Q O (NOTE 1) 


1000 
ANA.GND Q, 
0 . 
DIG.GND Q, “aN 
Am6606° 


iz Q3 


Gd . 
Am6685 
LE Q, 


ANA.GND Qs 
ANA.GND 
1/2 REF 


vo DIG.GND 
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Am6606 


Vin 


Vrer HI © 


VREF Low O 


LE INPUT O 


Figure 2. 


LOW OUTPUT 
IMPEDANCE BUFFER © 


Am6606 -8 







a 
Qs 


Note: All quantizer outputs should have 
1002 pulldown resistor to —2V. 
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~~ Am6688 


DISTINCTIVE CHARACTERISTICS 
100MHz sampling rate 
50MHz full power bandwidth 
10ps aperture uncertainty time 
5ns maximum encode delay 


8-bit accuracy 
Large bipolar input voltage range 
ECL Output 


e 

e 

e 

e 

@ 4-bit resolution, expandable to 8 bits 

e 

e 

e 

© Qand Q Outputs on MSB for 2's complement conversion 


FUNCTIONAL DIAGRAM 
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e) 
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4-Bit Quantizer 


FUNCTIONAL DESCRIPTION 


The Am6688 4-bit quantizer consists of an array of 16 high-speed 
ECL sampling comparators, a resistor voltage divider, and an ECL- 
compatible binary encoder. It will accurately quantize an analog 
voltage into 15 equally-spaced levels and output a 4-bitbinary digital 
word at sampling rates up to 100MHz. 


Resolution above 4-bits, up to a maximum of 8, may be obtained by 
stacking quantizers (n bits of resolution requires 2"-4 quantizers). 
An overrange output signal is provided to indicate that the input 
signal has exceeded the full-scale limit. This overrange output is 
also the enable gating signal used to encode the higher-order bits of 
the output in a stacked configuration. 


The high speed latch enable inputs are intended to be driven from 
the complementary outputs of a standard ECL gate or a high-speed 
comparator such as the Am685. If LE is driven high and LE is driven 
low, the quantizer is in the sample mode and operates like a low- 
gain, high-bandwidth amplifier. When LE is driven low and LE 
is driven high, the quantizer will hold its existing digital. binary 
output word. 


The outputs are open emitters, requiring external pull-down resis- 
tors to ~2V or to —5.2V. 


These devices can be used in video data conversion and time-base 
correction, radar signal processing, nuclear pulse-height analysis, 
and other systems requiring very high-speed analog-to-digital 
conversion. 


ORDERING INFORMATION* 


Order Temperature Maximum 





Number 


Am6688DL-8 
Am6688DL-7 


Am6688DL-6— 


Am6688DM-8 
Am6688DM-7 
Am6688DM-6 


Range Error 


—30 to +85°C 
—30 to +85°C 
—30 to +85°C 


+5mV 
+10mV 
+20mV 





—55 to +125°C 
—55 to +125°C 
—55 to +125°C 


+5mvV 
+10mV 
+20mV 


*Also available with burn-in processing. To order add suffix B 


to part number. 


CONNECTION DIAGRAM 


Top View 


Hermetic DIP 
D-18-1 


DIGITAL GND #1 [[]1® 


ANALOG GND [_]2 


V+ — POSITIVE SUPPLY 
Vy — ANALOG INPUT 


18[7) Q, OUTPUT © 


17[[) Q, outPuT 
16[_] Q3 OUTPUT 
15{_] 3 OUTPUT 


em 


Vant — REFERENCE HIGH 14)_) HALF REFERENCE ~ Vay 


a 
Z 
a 
z 
4 
| isos 
a 
a 
a 
q 
i 
a 


a 
EXC 


Vrio — REFERENCE LOW Qy OUTPUT 


REFERENCE V— — NEGATIVE SUPPLY 12{7 | Q, OUTPUT 


LS 


LE — LATCH ENABLE 117] Qo OUTPUT 


LE — LATCH ENABLE 10{ ] DIGITAL GND #2 


OLE | LatcH 
INPUTS 


: Note: Pin 1 is marked for orientation. 
Lic-900 LIC-901 
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Am6688 


MAXIMUM RATINGS (Above which the useful life may be impaired) 


Supply Voltage: Positive 
Negative 

Input Voltage: Analog 
References 
Digital 


Differential Voltage: Analog Input to References 
Analog Gnd to Digital Gnds 


ELECTRICAL CHARACTERISTICS OVER THE OPERATING TEMPERATURE RANGES 


(Unless otherwise specified) 


DC Characteristics 
Symbol Parameter (see definitions) 


Resolution 


Error Voltage (each transition) 


+7V Output Current (each output) 15mA 
Bias Temperature: Operating, Am6688DL —380 to +85°C 
—5V to +3V Am6688DM —55 to +125°C 
—5V to +3V Storage —65 to +150°C 
—5V to OV Junction +175°C 
+6V Lead (soldering, 60sec) +300°C 
+0.1V Minimum Operating Voltage (Vt to V~) 10V 
Am6688DL Am6688DM 
Conditions (Note 1) Min Max Min Max Units 





Am6688 — 8 
-7 
-—6 





Differential Nonlinearity 





Input Voltage 


AVrer = AVREF(min) 








Reference Resistor Voltage 
(VRHi~ VRLo) 


IREF Reference Current 


Am6688 — 8 
-7 


. -6 
AVREF = 2.56V 


IL. Latch Input Current . 


VL = Vou 


Output HIGH Voltage 


Ta = 25°C 
Ta = Tamin) 
Ta = Taimax) 











Output LOW Voltage 


Ta = 25°C 
Ta = Ta(min) 
Ta = Tacmax) 





. Positive Supply Current 














Negative Supply Current 





Power Dissipation 


AC Characteristics 
Symbol Parameter (see definitions) 


Full Power Bandwidth 


AVrer = 2.56V 


Conditions (Note 1) 


Ta = 25°C’ 
AVrerF = 2.56V 
Vin = AVREF 





Am6688DL 
Min Max Min 


50 (Typ) 


50 (Typ) 


Am6688DM 


Max Units 





Maximum Sampling Frequency 





Minimum Sample Time 











_ Encode Delay (each transition)@ 





Minimum Set-up Time? 


Ta(min) = Ta = 25°C 


Ta = Ta(max) 





Ta = 25°C 














Minimum Hold Time2 


Ta = 25°C 








Analog Delay (each transition)? 


Ta(min) Ss Ta = 25°C 
Ta = Ta(max) 





Aperture Uncertainty Time 


Ta = 25°C 


10 (Typ) 





10 (Typ) 


Notes: 1. Unless otherwise specified, Vt = +6.0V, V~ = —5.2V, Visi = +2.56V, Vam = + 1.28V, VRLo = OV, tow = 5ns, and RL = 1002 to —2V at all 


outputs. The specifications given for Vos, DNL, and 


apply over the full Vij range and for +5% supply voltages. The Am6688 is designed to 


meet the specifications given in the table after thermal equilibrium has been established with a transverse air flow of 500 LFPM or greater. - 
2. Timing characteristics are for a 100mV analog input pulse level-shifted at each transition point to provide an overdrive of 1mV past the maximum 


specified error voltage. 
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KEY TO TIMING DIAGRAM 







TIMING DIAGRAM 








WAVEFORM = INPUTS 





OUTPUTS 
















WILL BE 
STEADY 


MUST BE 
STEADY 


may CHANGE WILL BE 
AY CHANGE CHANGING 
F FROM H TOL 
MAY CHANGE WILL BE 
FROMLTOH CHANGING 
FROM LTOH 


DON’T CARE: CHANGING: 
OK ANY CHANGE STATE : 
PERMITTED UNKNOWN 


During the sampling time, the quantizer acts like a low-gain, very wide-bandwidth linear amplifier. The gain is not high enough to hold the 
outputs in a stable logic state under ail conditions; consequently, the outputs may be undefined during this period. The time that the outputs 
are unstable begins tpg after the Latch Enable goes HIGH, and terminates tog after it goes LOW. It is best to minimize this time by using as 
narrow a sampling pulse as possible, since the possibility of oscillation due to external parasitic feedback is greater the longer the device is in 
the analog mode. 















NOMINAL TRANSITION VOLTAGE 
* SVper + Vato (n = 1 TO 16) 
16 







ANALOG 





















OUTPUT VALID DATA 






LIC-902 






















TYPICAL TRANSFER FUNCTION 


TRUTH TABLE 


Analog Input 
ee to Vato) 
1 






1 9000 
0111 





0 1110 































1 3 

aad MINIMUM STEP WIDTH = 1 LSB-DNL 7 i g SVREF < Vin <6 AVREF 

0 1100 

es 3 AVper < Vin < au AVREF L H H 
Wo 1010 16 4 
8 Vosin —e| 
Pea tL AVREp Se Vin = AV REE LIL a age 
5 0 1000 4 REF IN 16 RE 
2 0 ont z 3 
2 o ono 16 = AVrer < Vin < 3 AVREF L L L H 

0 o101 

0 0011 

0 0010 7 1 

76. 4Vrer < Vin AVREF L H 
0 con 
cae + AV, 2 iat ie 
LO Va Vu 2 REF < Vin < 76 SVREF L 
ANALOG INPUT VOLTAGE 
— AV, < Vin <> 2 AV L 
Lic-903 16 REF IN REF 


3 AVReF < VIN < +1 AVpEF 


F AVrer <Vin<Z 3 AVpeF 
2 AVper < Vin < +3 AVper es 
emo [= 
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Am6688 
DEFINITION OF TERMS 


Vos ERROR VOLTAGE - The voltage difference between I+ POSITIVE SUPPLY CURRENT — The current required 

each nominal transition voltage (n/16 AVREF + VRLO) from the .+6V supply to operate the quantizer. 

and the actual voltage required to produce the proper I- NEGATIVE SUPPLY CURRENT — The current required 

change of state at the outputs. The given limits apply over _ from the —5.2V supply to operate the quantizer. 

the full input voltage range, for +5% supply voltage toler- ar 

ances, and for reference resistor voltages from the Ppiss POWER DISSIPATION — The power dissipated by the 

specified minimum up to 2.56V. A voltage source of 1/2 quantizer at full-scale (output code 01111) with all outputs 

AVrer + VALo must be used at the reference resistor terminated in 10020 to —2V and with 2.56V reference resis- 

midpoint (Vm) in order to obtain the error specifications tor voltage. 

of the —7 and —8 product grades. This is necessary to Frp FULL POWER BANDWIDTH — Maximum full scale input 

reduce the effect of comparator bias current loading on frequency that can be digitized. 

the reference divider over the operating temperature Faax MAXIMUM SAMPLING FREQUENCY — The maximum 

Fane: sampling rate at which the quantizer can correctly encode 
DNL DIFFERENTIAL NONLINEARITY — The difference bet- an analog signal. 

ween actual adjacent transition voltages (in LSB) relative os : 

to a nominal 1 LSB. This is specified at sl arin re- tpw MINIMUM SAMPLE TE Res Cini Metab tie 

: cages 50% points) that the quantizer must be unlatched (Latch 

ference resistor voltage where the errors are a significant Enable High Latch Enable. LOW) in order to acquire and 

fraction of an LSB. The limits given guarantee monoton- Kold'an input signal change. 

icity and no missing codes. ; 

. tod ENCODE DELAY — The propagation delay measured 

Vin INPUT VOLTAGE — The range of applied voltages at the from the 50% point of the Latch Enable HIGH-to-LOW 

analog and reference inputs over which the error voltage transition to the 80% point of an output LOW-to-HIGH 

and encode delay specifications apply. transition (or the 20% point of an output HIGH-to-LOW 
AVrer REFERENCE RESISTOR VOLTAGE — The external transition). The analog input signal applied to cause the 

voltage applied across the 16-section resistive divider outputs to change is 1mV in excess of the guaranteed 

(VRH! — VALo). The specified minimum is determined by error voltage limits. Each of the 16 transition points is 

the error voltage and differential nonlinearity limits, and the tested for inputs above and below the nominal transition 

maximum is set by transistor emitter-base breakdown vol- voltages. 

tage. Error voltage caused by resistor divider mismatch ti MINIMUM SET-UP TIME — The minimum time before the 

increases linearly with voltage; therefore, the error voltage negative transition of the Latch Enable signal that an 

limits are guaranteed only up to 2.56V. analog input signal change must be present in order to be 
IRE-F REFERENCE CURRENT - The current drawn from the acquired and encoded by the quantizer. 

external voltage reference by the reference resistor. It is th MINIMUM HOLD TIME — The minimum time after the 

specified at the maximum reference voltage for which the negative transition of the Latch Enable signal that the 

error specifications apply. analog input signal must remain unchanged in order to be 
Ip ANALOG INPUT CURRENT — The current into the acquired and encoded by the quantizer. 

analog input terminal. The value of this current increases t ANALOG DELAY — The propagation delay measured 

as the analog input voltage rises toward full-scale due to Pe from the 50% point of the Latch Enable LOW-to-HIGH 

the increasing number of comparators being switched on. transition to the 80% point of an output HIGH-to-LOW 

The limit given is for inputs above full-scale, which is the transition (or the 20% point of an output LOW-to-HIGH 

maximum condition. transition). The combination of sampling frequency, en- 
IL LATCH INPUT CURRENT -— The current into either ECL code.delay, and analog delay determines the time that the 

latch input terminal. The maximum value of this current output data is valid. The analog delay is measured with a 

occurs when a logic HIGH is applied. large input signal (79mV to 94mV) in excess of the nomi- 
Vou OUTPUT HIGH VOLTAGE — The logic HIGH voltage at nal transition voltage, which is the worse condition’ 
, any output with an external 1000 pulldown resistor re- (minimum delay). 

turned to —2V. ta APERTURE UNCERTAINTY TIME — Time variations or 
VoL OUTPUT LOW VOLTAGE -: The logic LOW voltage at uncertainty between comparators entering the hold mode. 


any output with an external 1000 pulldown resistor re- 
turned to —2V. 


THERMAL CONSIDERATIONS 


In order to achieve the high speed of the Am6688, a large amount of power is required to be dissipated by the package. This increases the temperature 
of the chip relative to the ambient temperature. To be compatible with other ECL circuits which normally use air flow as a means of package cooling, the 
Am6688 characteristics are specified for an air flow across the package of 500 linear feet per minute or greater. Thus, even though different ECL 
packages on a circuit board may have different power dissipations, all will have the same input and output levels, provided each sees the same air flow 
and temperature. This eases design, since the only change in characteristics between devices is due to the increase in ambient temperature of the air 
passing over the devices. If the Am6688 is operated without airflow, the change in electrical characteristics due to the increased chip temperature must 
be taken into account, and the maximum ambient temperature is limited to 70°C with a thermal derating of 100°C/W. 


INTERCONNECTION TECHNIQUES 


All high-speed ECL circuits require that special precautions be taken for optimum system performance. The Am6688 quantizer is no exception. A ground 
plane must be used to provide a good, low inductance, ground current return path. The impedance at the analog input should be as low as possible and 
lead lengths as short as practical. !t is preferable to solder the device directly to the printed circuit board instead of using a socket. Open wiring on the 
outputs should be limited to less than one inch and should be kept away from the input and voltage reference pins. For longer lengths, the printed-circuit 
interconnections become microstrip transmission fines when backed up by a ground plane, with a characteristic impedance of 50 to 150 ohms. Reflec- 
tions will occur unless the line is terminated in its characteristic impedance, which can be no less than 100 ohms for the Am6688 when terminated to 
—2V. Best results are usually obtained with the terminating resistor at the end of the driven line. The supply voltage and reference input pins should be 
well decoupled with RF capacitors connected to the ground plane as close ees device pins as possible. 
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Sample and Holds — Section IV 


LF198/298/398 
Am6420 


Monolithic Sample and Hold Circuit ........ 0.0... ccc eee eee ee ee 
High-Speed, 12-Bit Accurate Sample and Hold ..................... 





LF198/298/398 


Monolithic Sample and Hold Circuits 


Distinctive Characteristics 


Operates from +5V to +18V supplies 

Less than 10us acquisition time 

TTL, PMOS, CMOS compatible logic input 
0.5mV typical hold step at Ch = 0.01pF 
Low input offset 


GENERAL DESCRIPTION 


. The LF198/LF298/LF398 are BI-FET monolithic sample and 


hold circuits with ultra-high DC accuracy, fast acquisition time 
(6us to 0.01%) and low droop rate. A bipolar input stage is 
used to obtain the lowest possible offset voltage and wide 
bandwidth. These circuits are designed to have high common 
mode rejection and a gain accuracy of 0.002%. High input im- 
pedance (10'°0) permits their use with a high impedance 
source without degrading accuracy. 


FUNCTION DIAGRAM 


OFFSET 
O 


HOLD 
CAPACITOR 


0.002% gain accuracy 

Low output noise in hold mode 
Input characteristics do not change during hold mode 
High supply rejection ratio in sample or hold 
Wide bandwidth 


‘The output buffer has a p-channel JFET input with a typical 


input current of 30pA, giving a droop rate as low as 5mV/Min 
with a 1F hold capacitor. The JFET has a very low noise level 
and high temperature stability. 


A differential logic input allows the logic to be referenced to a 
separate ground from analog ground, permitting a direct inter- 
face to nearly any logic family. The LF 198 series guarantees no 
feed through in the hold mode including input signal swings 
equal to the power supply. 


The LF198A series has tightened electrical specifications. 


CONNECTION DIAGRAMS ~— Top Views 


OFFSET 
apuust L4 2 


Lo 
ve Locic 
9 CQ) REFERENCE 
q 
OFFSET Eta 
ADJUST Ce ey 5) 


LIC-205 


ORDERING INFORMATION 


Part Number 


Metal Can 
Plastic 
Leadless 
Dice 


Metal Can —25 to +85°C 


Package Type Temperature Range Order Number 


0 to +70°C 
0 to +70°C 
Oto +70°C 
0 to +70°C 


LF398H 
LF398N 
LF398L** 
LD398 


LF298H 
LF298L** 


—55 to +125°C 
—55 to +125°C 
—55 to +125°C 


Metal Can 
Leadless - 
Dice 


LF198H 
LF198L** 
LD198 


LF198* 


*Also available with burn-in processing. To order add suffix B to part number. 
**To be announced. 
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LF198/298/398 
ABSOLUTE MAXIMUM RATINGS 


Operating Ambient Temperature Range ; Z 
LF198/LF198A . —55°C to +125°C 














LF298 - —25°C to +85°C 
LF398/LF398A 0°C to +70°C 
Storage Temperature Range —65°C to +150°C 
Power Dissipation (Package Limitation, Note 1) 500mW 
Derate above 25°C _ 6.8mW/°C 
Supply Voltage oe +18V 
Input Voltage . . ' Equal to Supply Voltage 
Logic to Logic Reference Differential Voltage (Note 2) +7V, —30V 

’ Hold Capacitor Short Circuit Duration 10 sec 
Lead Temperature (Soldering 10 seconds) ar , 300°C 
ELECTRICAL CHARACTERISTICS (Note 3) LF198/LF298 LF398 

Parameter : Test Conditions Min. Typ. Max. Min. Typ. . Max. Unit 


Input Offset Voltage, (Note 6) idle 
Full Temperature Range 


Tj = 25° 
, . Tj) = 25°C 
Fann GanCuaane NGG) 
Full Temperature Range 
Input Impedance Tj = 25°C 
T; = 25°C, Ry =10ka 
a . 
Full Temperature Range 
j= 25° 


Feedthrough Attenuation Ratio 
at 1 kHz . Tj = 25°C, Ch = 0.01nF 


Tj = 25°C, “HOLD” mode 
Full Temperature Range 
“HOLD" Step, (Note 4) Tj= 25°C, Ch = 0.01nF, Vout =0 


Supply Current, (Note 6) 


Logic and Logic Reference Input 
Current J 

Leakage Current into Hold Tj = 25°C, (Note 5) 
Capacitor (Note 6) Hold Mode 


AV =10V, =14 F 
Acquisition Time to 0.1% our =1 Ch ome 
Ch = 0.01uF 


Hold Capacitor Charge Current Vin — Vout = 2V 
Supply Voltage Rejection Ratio VouT=0 
Differential! Logic Threshold Tj =25°C 


Notes: 1. The maximum junction temperature is 150°C for the LF198, 115°C for the LF298, and 100°C for the LF398. When used at a higher ambient temperature the - 
metal can package must be derated based on a thermal resistance (@jA) of 150°C/W. Derate N package 5.6mW/°C above 36°C. 

2. The differentia! voltage may not exceed this limit. The common mode voltage on the logic pins may equal the supply voltage without causing damage 
to the device. For the LF198 to operate properly, one of the logic pins must be at least 2V below the positive supply and 3V above the negative supply. 

3. The following conditions apply unles otherwise noted: Device is in “sample mode.” Tj = 25°C, Vg = +15V, —11.5V <Viy < +11.5V, Cy = 0.01nF, and Ry 
= 10k. Logic reference voltage = OV. Logic input voltage = 2.5V. j : 

4. The hold step is produced by a charge which is coupled from the logic input signal to the hold capacitor via parasitic capacitance and internal operating 
point changes. Stray capacitance equa! to 1pF will create a 0.5mV step with a 5 volt logic swing and a 0.01yF hold capacitor. This step can be reduced by 
increasing the magnitude of the hold capacitor. = ef 

5. Leakage current is measured at a junction temperature of 25°C. The junction temperature doubles the 25°C value for each 11°C increase in chip 
temperature. Leakage is guaranteed over the full input signal range. . 64 - 

6. These values are guaranteed over the +5 to +18V supply range. 
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LF198/298/398 
TYPICAL PERFORMANCE CHARACTERISTICS 


Acquisition Time Aperture Time ; Power Supply Rejection 
Vin =0 TO +10V Tj = 25°C 
V+=V—= 15V 
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LOGIC INPUT CONFIGURATIONS 


TTL AND CMOS 
3V <VLG(HI STATE) <7V 


ANALOG 


O e 
INPUT OUTPUT 








ANALOG 


O O OUTPUT 
INPUT 








SAMPLE 
Vig O 
HOLD eins 
ViLGO 
LIC-207 | Ly LIC-208 
SAMPLE — = 
ais 
Threshold = 1.4V 
Threshold = 1.4V R4 select for 2.8V at Pin 8 
CMOS 
7V <VLG(HI STATE) < 15V 
NALOG : ANALOG 
A NEUT 2 O OUTPUT ‘NEUT O OUTPUT 
SAMPLE 
HOLD - 
. HOLD 
LIC-209 | | LIC-210 

SAMPLE 

Threshold = 0.6 (V+) + 1.4V Threshold = 0.6 (V+) — 1.4V 

OP AMP DRIVE 


OUTPUT VOLTAGE = +13V 


ANALOG 
INPUT 


SAMPLE 


HOLD 
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Threshold ~ 4V 


ANALOG 


INPUT © OUTPUT 






HOLD 
—+13V 


SAMPLE 
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Threshold = —4V 
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APPLICATION INFORMATION 


Freezing the input to an analog-to-digital (A/D) converter is an 
important application for the sample and hold amplifier. If the 
analog input to the A/D changes during conversion by the 
amount +1/2LSB, an ideal A/D would produce 1 LSB error 
beyond normal quantization error. A sample and hold amplifier 
eliminates this problem by holding the input signal to the A/D 
converter during the conversion interval. The proper choice of 
hold capacitor value and type is necessary to obtain optimum 
performance. The capacitor value directly affects several 
circuit parameters, particularly acquisition time, droop rate, 
and hold step. The hold step error is inversely proportional to 
the value of the hold capacitor. 


Graphs are provided in this data sheet for use as guides in se- 
lecting a suitable value of capacitance. However, the capacitor 
should have extremely high insulation resistance and low di- 
electric absorption, or. dielectric hysteresis. Polypropylene 
(below +85°C) and Teflon (above +85°C) types are recom- 
mended. The hysteresis error can be significantly reduced if 


the output of the LF198 is digitized immediately after the: 


hold mode is initiated. The hysteresis relaxation time constant 
in polypropylene, for instance, is 10-50ms, thus if A/D conver- 

_sion can be made within ims, hysteresis error will be reduced 
by a factor of ten. 


The logic inputs on the LF198 are fully differential with low 
input current and will operate from TTL levels up to 15V. 
‘Some typical logic input configurations are shown in this data 
sheet. The logic signal into the LF198 must have a minimum 
slew rate of 0.2V/us. Slower signals cause excess hold step errors. 


When switched from sample to hold, delay in response to the 
hold command {aperture time and aperture time uncertainty) 
can cause the frozen value of a fast moving waveform to differ 
from the value it had at the instant the hold command is given. 
However, the hold capacitor has.an additional lag due to the 
3002 series resistor on the chip which cancels out some of the 
error due to aperture time and aperture time uncertainty. — 


For example, using an analog input of 20 volts p-p at 10kHz, 
. maximum slew rate 0.5V/us, with no phase delay and 8Ons logic 


LF198/298/398 


! 


delay, one could expect up to (0.08us) @ (0.5V/us) = 40mV 
error if the input is sampled during the maximum dv/dt 
period. A positive going input would give a +40mV error. 
Assume that the slew rate of the charging amplifier and the RC 
constant of the analog loop cause a delay of 120ns. If the hold 
capacitor sees this exact delay, then the analog delay would be 
(0.5uV/sec)*(.12us) = —6OmV. Total output error is +40mV 
—60mV = —20mvV. : 


For a sample and hold amplifier in a multiplexed A/D system, 
acquisition and aperture times are critical parameters. In order 
to maintain the acquired signal level within the specified 
accuracy, these times must be considered when selecting the 
sampling rate. For example, if a 16 channel MUX drives a 
sample and hold amplifier in which each channel is 5K Hz and 
2 samples per cycle are needed to satisfy the Nyquist criteria, 
the minimum sampling rate = 160000 samples/sec. ((5KHz X 
16) cycles/sec X 2 samples/cycle). The minimum channel 
period is the reciprocal of the sampling rate of 6.25us. During 
the hold mode the MUX can switch to another channel. This 
eliminates the need to consider the MUX and source settling 
time and shortens the channel period. 


Calculating the sum of the sample and hold acquisition time, 
aperture time and A/D conversion time is usually a convenient 
method for estimating maximum channel period. 


In multiplex applications, sample and hold feed-through is a 
significant problem. Since each channel voltage differs, the 
sample and hold input signal becomes a series of varied height . 
pulses that cause errors in the sample and hold voltage. 


Digital feed through occurs when a fast rising logic signal is 
coupled into the analog input. To minimize it, the logic signa! 


‘ trace in the PCB layout should be kept as far as possible from 


the analog input. Guarded trace may also be used around the 
input pin for shielding purposes. ; 


To adjust the DC offset zeroing, the wiper of a 1K potentio- 
meter is connected to the offset adjust pin. One end of the 
potentiometer is connected to VCC and the other is connected 
through a resistor to ground. The value of the resistor is se- 
lected such that the current flows through it at approximately 
6mA. 


Metallization and Pad Layout 
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APPLICATIONS 
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SEQUENTIAL ADDRESSING OVERLAP MODE A/D CONVERSION 





SAMPLE 
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TIMING DIAGRAM FOR SEQUENTIAL ADDRESSING OVERLAP MODE A/D CONVERSION 
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APPLICATIONS (Cont.) 


TRACK AND HOLD PEAK RECORDER 
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FAST ACQUISITION, LOW DROOP SAMPLE AND HOLD 


DEFINITION OF TERMS 


Acquisition Time — The time required to acquire a new analog 
input voltage with an output step of 10V. Note that acquisition 
time is not just the time required for the output to settle, but 
also includes the time required for all internal nodes to settle 
so that the output assumes the proper value when switched to 
the hold mode. 


Aperture time — The delay between the command to hold and 
the actual opening of the hold switch. 


Aperture time uncertainty — The tolerance, or jitter of the 
aperture time. 


Droop rate — The rate of change of output voltage in the hold 





LIC-216 


Feed-through — During hold, a small part of the input signal 


’ feeds through the capacitor of the switch to the hold capacitor 


mode. It is caused by leakage currents at the hold capacitor ~ 


node. 


4-7 


and output. This is usually a function of the level and fre- 
quency of the input signal and is expressed in dB. 


Dynamic sampling error — The error introduced into the out- 
puts due to input voltage varying when the hold command is 
issued. Error is expressed in mV with a given hold capacitor. 


Gain error.— The ratio of output voltage swing to input voltage 
swing in the sample mode expressed as a percent difference. 


Hold step — The voltage step at the output of the sample and 
hold when switching from sample mode to hold mode with a 
steady (DC) analog input voltage. 





Am6420 


High Speed 12-Bit Accurate Sample-and-Hold 
PRELIMINARY DATA 


DISTINCTIVE CHARACTERISTICS FUNCTIONAL DESCRIPTION 


@ Acquisition time 500ns (0.01%) The Am6420 is a monolithic sample-and-hold circuit con- 
© Droop rate 20n.V/us sisting of a gated high performance operational amplifier 
Aperture delay 2ns and an internal hold capacitor. The integrating connection 
Aperture uncertainty 200ps of the internal capacitor yields a constant hold-step error, 
Gain bandwidth 15MHz which is internally trimmed to a minimum value. 


eee eae fiset error 0.2mV When the Am6420 is in the sample (or track mode), it be- 

Internal hold capacitor . haves as an operational amplifier, and any of the standard 

Connect in any standard op-amp configuration op-amp feedback networks may be connected around it to 

42-bit accuracy control gain, frequency response, etc. When the device is 

Low output impedance over frequency put into the hold mode, its output remains at its last level 
before the hold signal. In many systems, the Am6420 may 
replace both an amplifier and a sample-and-hold. 


APPLICATIONS The Am6420 offers a number of improvements over other 

® Precision data acquisition systems monolithic, hybrid, and discrete sample-and-hold circuits. 

e Data distribution systems Accuracy is better than 0.01% over the full operating 

@ Auto zeroing system temperature range (0 to 70°C commercial, —55 to +125°C 

© Peak detector military), while dynamic characteristics include fast acquisi- 
tion time, low droop rate, and a temperature compensated 
hold-step. High slew rate and bandwidth allow the device 
to be used at gains greater than unity, thus eliminating the 
need for a scaling amplifier. 


BLOCK DIAGRAM ORDERING INFORMATION* 


Part Package Temperature 
57H CONTROL Number Type Range 


Am6420DM Hermetic DIP —55 to 125°C 
Am6420LM Leadless** —55 to 125°C 


Am6420DC Hermetic DIP Oto 70°C 
OFFSET Am6420LC Leadless** Oto 70°C 
ADEE - Am6420XC Dice Oto 70°C 


“Also available with burn-in processing. To order, add suffix B 
to the part number. 
**Availability of Leadless packages will be announced. 
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CONNECTION DIAGRAMS — Top Views 
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MAXIMUM RATINGS 

Supply Voltage, V+ to Supply GND 

V— to Supply GND 

Max Differential V+ to V— 

Differential Input Voltage 

S/H Control Voltage to Ground 

Output Current 

Operating Temperature Am6420DC 
Storage Temperature 

Lead Temperature (Soldering 60 Seconds) 


Power Dissipation 









ELECTRICAL CHARACTERISTICS V+ = +15V, V- = —15V, Ta = 25°C, unles$ath 
\: 


Test Conditions< 
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Acquisition Time 
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Am6420 


—0.5 to +16.5V 


+0. 


5 to -16.5V 
33V 
25V 

—1to +6V 


Short Circuit Protected 


0 to 70°C 


—65 to + 150°C 


300°C 
700mW 
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Am6420 


PIN DESCRIPTION 

IN(—) The inverting input of the input amplifier. 

IN(+) The noninverting input of the input amplifier. 

Offset The offset adjust terminals of the input amplifier. A 

- Adjust small differential current into these pins can be 

used to trim the Vos of the input amp. 

S/H This pin controls the internal switch to make the 

Control output either track the input (S/H low) or hold the 
last value (S/H high). 

VouT The output of the on-chip buffer amplifier. 

CHoLb An external hold capacitor can be connected from 


Vour to this pin to improve droop rate. The CHOLD 
pin should be surrounded by a guard ring con- 
nected to the guard pins. 


APPLICATIONS INFORMATION 


The Am6420 may be connected in an op-amp configuration 
including voltage followers, inverting and noninverting 
amplifiers, and active filters. Examples of these connections. are 
shown in Figures 1 through 4. These circuits are intended as 
examples only and may be changed to meet the exact needs of 
the system. ; 


The Am6420 input offset voltage is internally trimmed to less 
than +0.2mV; in most applications, this is an acceptable error 
and the offset adjust pins 3 and 4 should be left open. If better 
input offset is required, it can be adjusted using the circuit shown 
in Figure 5. With both input grounded, connect a square wave to 
the S/H control and adjust the potentiometer for 0 volts at the 
output in hold mode. 


The output sink capability of the Am6420 is nominally ~2mA; 
this can be increased by connecting an external resistor from the 
boost pin (pin 6) to the negative power supply (pin 5). Boost 
current is calculated by: 


Iboost = 1-2/Rboost 


Total output sink current should not be more than 10mA, therefore 
boost current should be limited to 8mA. 


The internal hold capacitor (50pF) is optimized for fast acquisition 
and minimum hold-step error. However, if improved droop rate is 
desired, an external hold capacitor can be connected from Vout 
(pin 7) to CHoLp (pin 11). Acquisition time and droop rate are 
directly and indirectly proportional, respectively, to hold capaci- 
tance. For example, ifan external 50pF capacitor were added, the 
total hold capacitance would be doubled. This would double the 
acquisition time and decrease the droop rate by 1/2. To maintain 
stability, a capacitor must be added from CHoLp (pin 11) to 


GLOSSARY OF TERMS 


Acquisition Time: The time required for the hold capacitor to 
be charged to a full-scale value after the sample command 
is given. : 
Aperture Delay Time: The time elapsed between the sample 
command and the actual opening of the switch. 


‘Aperture Uncertainty: The variation in aperture delay time 


from sample-to-sample. - 


Droop Rate: The rate at which the output voltage changes 
while in the hold mode. Droop is caused by the capacitor being 
discharged through the buffer amplifier’s input circuit. 
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Guard , These pins should be connected to the guard ring 
around the Cyo_p pin to prevent leakage. DO 
NOT connect guard to ground or to VouT as the 
guard voltage is internally generated. 

Boost An external resistor from this pin to the negative 
power supply can be used to increase the current 
sink capability of the output buffer. 

Analog The output voltage is referenced to this pin; care 

Ground should be taken to keep the ground free of noise. 

Supply This ground pin should be connected to the sys- 

Ground tem ground. ~ 

Vt The positive power supply pin. 

V- The negative power supply pin. 


- ground; the value of this capacitor should be approximately 1/2 of 


the value of the external hold capacitor (Figure 6), and should be 
a low leakage type, such as a mica. The hold-step has been 
trimmed for the internal capacitor; when an external capacitor i is 
used, offset adjustment may be needed to correct the hold-step. 


LAYOUT CONSIDERATIONS 


In order to take advantage of full accuracy of the Am6420, care 
should be taken to avoid system errors. One of the most com- 
mon causes of errors in data acquisition systems is improper 
grounding. High frequency digital circuits should not be con- 
nected to the same ground trace as high accuracy analog cir- 
cuits; separate ground paths should be provided for analog and 
digital signals and connected together at only one point in the 
system. The Am6420 provides two ground pins; all internal cir- 
cuit grounds except the output amplifiers are connected to the 
power supply ground. The output amplifier is connected to the 
analog ground, which should also be used for output return. 
Recommended ground connections are.shown in Figure 7. 


To keep leakage current to a minimum and improve droop rate, 
the CHoLp pin should be surrounded by a guard ring (Figure 
8). This ring should be connected to pins 10 and 12 of the 
Am6420 and must not be connected to ground or Vour since 
the guard voltage is internally generated and connected to the 
guard pins. 


The Am6420 provides excellent power rejection, however, 
system performance may be enhanced by proper power supply 
bypassing. A 0.14F capacitor and a 10uF tantalum capacitor 
should be connected from the power supply pins to the power 
supply ground, as close to the pins as possible. 


Hold Settling Time: The time required for the buffer output to 
settle within the specified accuracy band after the switch 
is opened. 


Sample-to-Hold Offset Error: The difference in output volt- 
age between the time-to-hold command is given and the time the 
output settles to its final value. It is caused by charge injection 
from the switch to the capacitor during the epeniig of 
the switch. 





Figure 1. Am6420 in Unity Gain Sample-and-Hold Circuit 
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Figure 3. Am6420 in an Inverting Amplifier Configuration 
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Figure 5. Am6420 Vog Adjustment Circuit 
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Figure 2. Am6420 Connected as a Noninverting Amplifier 
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Figure 6. Am6420 with External Cyo_p 
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Figure 7. Data Acquisition System Grounding 
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Figure 8. Pad Layout — Top View 
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LM108/208/308 
LM108A/208A/308A — 


Operational Amplifiers 





Description: The 108, 208, 308, 108A, 208A and 308A 
monolithic operational amplifiers are functionally, elec- 
trically and pin-for-pin equivalents to the National 
LM108, LM208, LM308, LM108A, LM208A and LM308A. 
They are available in the hermetic TO-99 metal can, 
dual-in-line, and flat packages. 


FUNCTIONAL DESCRIPTION 


These differential input, precision amplifiers provide low input 
current and offset voltage competitive with FET and chopper 
stabilized amplifiers. They feature low power consumption 
over a supply voltage range of +2V to +20V. The amplifiers 
may be frequency compensated with a single external ca- 
pacitor and are pin-for-pin interchangeable with the 101A/ 
201A/301A. The 108A, 208A, and 308A are high performance 
selections from the 108/208/308 amplifier family. 


ORDERING INFORMATION* 


Temperature 
Range 


0 to +70°C 
0 to +70°C 
0 to +70°C 
0 to +70°C 
0 to +70°C 


0 to +70°C 
0 to +70°C 
0 to +70°C 
0 to +70°C 
0 to +70°C 


~25 to +85°C 
—25 to +85°C 
—25 to +85°C 


—25 to +85°C 
—25 to +85°C 
—25 to +85°C 


—55 to +125°C 
—55 to +125°C 
—55 to +125°C 
—55 to +125°C 


—55 to +125°C 
—55 to +125°C 
—55 to +125°C 
—55 to +125°C 


Order 
Number 


LM308D 
LM308H 
LM308N 
LD308 

LM308L 


LM308AD 
LM308AH 
LM308AN 
LD308A 

LM308AL 


LM208D 
LM208H 
LM208L 


LM208AD 
LM208AH 
LM208AL 


LM108D 
LM108H 
LD108 

LM108L 


LM108AD 
LM108AH 
LD108A 

LM108AL 


Part 
Number 


Package 
Type 
Hermetic DIP 
TO-99 
Molded DIP 
Dice 
Leadless 


Hermetic DIP 
TO-99 
Molded DIP 
Dice 
Leadiess’ 
Hermetic DIP 
TO-99 
Leadless 


Hermetic DIP 
TO-99 
Leadless 


Hermetic DIP 
TO-99 
Dice 
Leadless 
Hermetic DIP 
TO-99 
Dice 
Leadiless 


LM308 


LM308A 


LM208 


LM208A 


LM108A 


*Also available with burn-in processing. To order add suffix B 
to part number. 
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Distinctive Characteristics: 100% reliability assurance 
testing including: high-temperature bake, temperature 
cycling, centrifuge and fine leak hermeticity testing in 
compliance with MIL STD 883. - 
Electrically tested and optically inspected dice for the 
assemblers of hybrid products. 


FUNCTIONAL DIAGRAM 
Frequency Compensation Circuits 
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CONNECTION DIAGRAMS - Top Views 
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On Metal Can, © 
pin 4 is connected to case. 
2. On DIP pin 7 is connected 
to bottom of package. 
3. On Flat Package, pin 6 is 
connected to bottom of package. 


Notes: 1. 
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LM108/208/308 - LM108A/208A/308A 
MAXIMUM RATINGS 





























Supply Voltage 

LM108, 208, 108A, 208A, +20V 

LM308, 308A +18V 
Internal Power Dissipation (Note 1) 500 mW 
Differential Input Current (Note 2) +10mA 
Input Voltage (Note 3) +15V 
Output Short-Circult Duration Indefinite 
Operating Temperature Range 

LM108, 108A —55°C to +125°C 

LM208, 208A ~-25°C to +85°C 

LM308, 308A 0°C to +70°C 


Storage Temperature Range 
Lead Temperature (Soldering, 60 sec.) 


—65°C to +150°C 
300°C 





ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise specified (see Note 4) 


Parameters 


Input Offset Voltage 


Input Offset Current 
Input Bias Current 
Input Resistance 


Supply Current 


Vg = +15V 
Vout = £10V 
Ri = 10kN 


Large Signal Voltage Gain 


Input Offset Voltage 


Input Offset Current 


Average Temperature 
Coefficient of Input 
Offset Voltage 


Average Temperature 
Coefficient of Input 
Offset Current 


Vg = +15V 
Vout =: +10V 
Ri = 10k 


LM308 


LM308A 


LM108 
LM208 





LM108A 
LM208A 


Test Conditions Min Typ Max Min Typ Max Min Typ Max Min Typ Max Units 


Notes: 1. Derate Metal Can package at 6.8mW/°C for operation at ambient temperatures above 75°C and the Dual In-Line package at 9mW/°C for 
operation at ambient temperatures above 95°C. : ; 
2. The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage 
in excess of 1V is applied between the inputs unless some limiting resistance is used. 
3. For supply voltages less than + 15V, the maximum input voltage is equal to the supply voltage. 
4. Unless otherwise specified, these specifications apply for supply voltages from +5 to +20V for the 108, 208, 108A and 208A and from +5 to 
+15V for the 308 and 308A. 5-2 
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- TYPICAL PERFORMANCE CURVES 


Input Currents Maximum Drift Error Maximum Offset Error 


", 


ae 

vara 
See 
mel a. caia 


i 
y} 
| 


rail 
a 
108/108A: -55°C ST, S 125°C 
208/208A: ~25°C ST, < 85°C 
; 308/308A:  O°C<Ta< 70°C 
-85-35 -15 5 25 45 65 85 105 125 10M 100 M 
TEMPERATURE -°C INPUT RESISTANCE — 2 INPUT RESISTANCE — 2 


INPUT CURRENT-nA 
DRIFT ERROR — pV/°C 


= eee ‘i 
P74 208/208a: 25) CSTas 85°C. 
O'C<Tas 70°C 





EQUIVALENT INPUT OFFSET VOLTAGE — mV 


Power Supply Rejection Input Noise Voltage Voltage Gain 


400 Pirin Pry Try Tri 
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INPUT NOISE -nV/A/Hz 


SUPPLY REJECTION-dB 
VOLTAGE GAIN-d8 


10 
10k 100k 1M 10M 100 1k 10k 
FREQUENCY -Hz ; FREQUENCY- Hz SUPPLY VOLTAGE-tV 


Open Loop 
Output Swing Supply Current Frequency Response 
“ASL 
~ 
KS 


PHASE LAG - deg. 


OUTPUT SWING-+V 
SUPPLY CURRENT~pA 
VOLTAGE GAIN -dB 


100 4k 10k 100k 1M 10M 
OUTPUT CURRENT-tmA SUPPLY VOLTAGE-tV FREQUENCY~-Hz 


Closed Loop Large Signal Voltage Follower 
Output Impedance Frequency Response Pulse Response 


COLI TT Jar 
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‘Ay, = 1000, Cy = 0 pF 
Ay = 1000, Cy = 30 pF 
“Nay = 1, Cf = 30 pF 


OUTPUT IMPEDANCE-2 
OUTPUT SWING-+V 


Ta* 25°C 
Vg" 215 V 
Cy 30 pF 


BE CEE Se CRS SS 
i ee ae 
VOLTAGE SWING-V 





1k 0k 100k 1M 10M H . O 20 40 60 80 100120140160 
FREQUENCY-Hz' FREQUENCY-Hz - : TIME -ys LIC-675 
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ADDITIONAL APPLICATION INFORMATION 
GUARDING , 


Extra care must be taken in the assembly of printed circuit boards to take full advantage of the low input 
currents of the 108 amplifier. Boards must be thoroughly cleaned with TCE or alcoho! and blown dry with 
compressed air. After cleaning, the boards should be coated with epoxy or silicone rubber to prevent con- 
tamination. : : 

Even with properly cleaned and coated boards, leakage currents may cause trouble at 125°C, particularly 
since the input pins are adjacent to.pins that are at supply potentials. This leakage can be significantly 
reduced by using guarding to lower the voltage difference between the inputs and adjacent metal runs. 
Input guarding of the 8-lead TO-99 package is accomplished by using a 10-lead pin circle, with the leads of 
the device formed so that the holes adjacent to the inputs are empty when it is inserted in the board. The 
guard, which is a conductive ring surrounding the inputs, is connected to a low-impedance point that is at 
approximately the same voltage as the inputs. Leakage- currents from high-voltage pins are then absorbed 
by the guard. : 

The pin configuration of the dual-in-line package is designed to facilitate guarding, since the pins 
adjacent to the inputs are not used (this is different from the standard 741 and 101A pin configuration.) 


COMPENSATION 


a 
ly, 


vt 


N\ 


OUTPUT Rap 7 
6 


BOTTOM VIEW 


Board layout for Input Guarding 
with TO-99 package. 


APPLICATIONS 
Connection of Input Guards 


: INVERTING: AMPLIFIER FOLLOWER NON-INVERTING AMPLIFIER 
LIC-671 LIC-672 ? LIC-673 
; 7 NOTE: Ri: R2 . 
“Use to compensate for large source resistances. Riek He oe FON impedance 


METALLIZATION AND PAD LAYOUT 
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LM118/218/318 


High-Speed Operational Amplifier 





Distinctive Characteristics 

@ The LM118/218/318 are functionally, electrically, 
and pin-for-pin equivalent to the National 
LM118/218/318 

Slew rate: 7OV/us 

Small signal bandwidth: 15MHz 

Internal frequency compensation 

Supply voltage range: +5V to +2UV 


FUNCTIONAL DESCRIPTION 


The LM118/218/318 are internally compensated high-speed 
operational amplifiers featuring minimum slew rate of 
50Vius, low input bias currents, large input voltage range and 
excellent performance over a wide range of supply voltages 
and temperature. They have provision for increased speeds 
when operating in the inverting mode. 


TYPICAL APPLICATIONS 
Fast Sample and Hold. 


10pF 


2N4193 


LIC-693 SAMPLE 


ORDERING INFORMATION* 


Part Package Temperature 
Number Type Range 


Metal Can 0 to +70°C 
Hermetic DIP Oto +70°C 
Flat Package Oto +70°C 

Molded DIP 0 to +70°C 

Dice 0 to +70°C 
Leadless Oto +70°C 


Metal Can —25 to +85°C 
Hermetic DIP —25 to +85°C 
Flat Pak —25 to +85°C 
Leadless -25 to +85°C 


Metal Can —§5 to +125°C 
Hermetic DiP —§5 to +125°C 
Flat Package —55 to +125°C 

Dice —55 to +125°C LD118 

Leadless ~55 to. +125°C LM118L 


*Also available with burn-in processing. To order add suffix B 
to part number. 


Order 
. Number 


LM318H 
LM318D 
LM318F 
LM318N 
L0318 

LM318L 


LM218H 
LM218D 
LM218F 
LM218L 


LM118H 
LM118D 
LM118F 





e Electrically tested and optically inspected dice for 
hybrid manufacturers. 


e Available in metal can, hermetic dual-in-line, hermetic 
flat package or plastic minidip. 


FUNCTIONAL DIAGRAM 


vt v~ COMPENSATION 
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BALANCE/COMPENSATION " LIC-692 


CONNECTION DIAGRAMS - Top Views 
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Dual In-Line Dual In-Line 


COMP. A/ 
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INPUT Min 
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non Heeeeeh eo O comp. 
B/BALANCE 


Note: 1. On Metal Can, pin 4 is connected to case. LIC-694 
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LM118/218/318 
MAXIMUM RATINGS 











Supply Voltage +20V 
Internal Power Dissipation (Note 1) 500 mW 
Differential Input Voltage (Note 2) +5V 
Input Voltage (Note 3) +15V, 
Output Short-Circuit Duration ; Indefinite 
Operating Temperature Range ; 
LM118— —55°C to +125°C 
LM218 —25°C to +85°C 
LM318 0°C to +70°C 
Storage Temperature Range —65°C to +150°C 
Lead Temperature (Soldering, 60 sec.) 300°C 
ELECTRICAL CHARACTERISTICS (T= 25°C unless otherwise specified) (Note 4) LM118 
Parameter LM318 LM218 
(see definitions) Conditions Min. Typ. Max. Min. Typ. Max. Units 


= ae ae 


Input Offset Voltage 
Input Offset Current 
Input Bias Current 
Input Resistance 


Supply Current 







Vg = £15V, Voyy = #10V 
Ry > 2k2 


, Ay = +1, Vo = +15V (Fig.1) 
Vv “"S 50 
Slew Rate Ry = 2k, C, = 30pF 50 70 70 ; Vius 


The Following Specifications Apply Over The Operating Temperature Ranges 


input Otfet Voltage < ska pots Tw 


' {Input Offset Current 


Vg = +15V, Voyz = t10V 
Ry > 2k2 


z . = 
’ 


Large Signal Voltage Gain _ 





Large Signal Voltage Gain 





Common Mode Rejection Ratio 70 
Supply Voltage Rejection Ratio 
Supply Current : Vs = +20V, Tp = 125°C ie ont eo 7 mA 


Notes: 1. Derate Metal Can package at 6.8 mW/C for operation at ambient temperatures above 75°C, the Dual-In-Line package at 9 mW/°C for operation 
at ambient temperatures above 95° Cc, and the Flat Package at 5.4 mwW/C for operation at ambient temperatures above 57°C. 
2.. The inputs are shunted with diodes for overvoltage protection. To limit the current in the protection diodes, resistances of 2 kQ or greater should 
be inserted in series with the input leads for differentia) input voltages greater than +5 V. . 
3. For supply voltages less than +15 V, the maximum input voltage is equal to the supply voltage. 
4. Unless otherwise specified, these specifications apply. for supply voltages from +5 V to +20 V. 


Rs 
i fm 
input Voltage Range Vg =+15V 411.5 vo 
Rg set coe ef Fos 
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PERFORMANCE CURVES 
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(Fig. 2) 
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The high gain and large bandwidth of the LM118 make it 
mandatory to observe the following precautions in using the 
device, as is the case with any high-frequency amplifier. Cir- 
cuit Jayout should be arranged to keep all lead lengths as 
short as possible and the output separated from the inputs. 
The values of the feedback and source impedances should be 
kept small to reduce the effect of stray capacitance at the in- 
puts. The power supplies must be bypassed to ground at the 
supply leads of the amplifier with low inductance capacitors. 
Capacitive loading must be kept to minimum, or the amplifier 
must be isolated as shown in the applications. 
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. APPLICATIONS 


Voltage Follower 
(Slew Rate Test Circuit). 


5OpF 


PULSE HEIGHT = +10V 


PULSE HEIGHT = +10V 
PULSE WIDTH = tps 
RISE TIME = 10ns 


AV =47V 
ii 30pF AT IS MEASURED 


LIC-697 Figure 1 


Inverter with Feedforward 
Compensation for Higher Slew Rate 


BALANCE 


LIC-699 Figure 3 


Isolating Large 
Capacitive Loads 


R2 


LIC-701 


Figure 5 Figure 6 


D/A Converter 


with Ladder Network 


5pF 


FROM SWITCHES 


ples Figure 8 
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Inverter 


5k2 


Figure 2 ble B98 


Compensation for 
Minimum Settling Time 


10pF 


Figure 4 


Over Compensation 


LIC-702 LIC-703 


Figure 7 


D/A Converter 
with Binary Network 


5SpF 


FROM SWITCHES 
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LM118/218/318 
ADDITIONAL APPLICATIONS 


High Speed Summing Amplifier 


with Low Input Bias Currents 


Figure 10 
LIC-706 


COMP C 
BAL/COMP A 
INPUT- 


INPUT+ 


Re 


Metalization and Pad Layout 


DIE SIZE: 0.065” X 0.087” 


Wien Bridge Oscillator 


R3 
7502 
QOUTPUT 


Ro 
20k22 
14 1000 pF 


L1-10V—14mA 
bulb ELDEMA 1869 
R1=Ro 
C1 =C9 
Pepe a 

~ 2nR1C1 


Figure 11 
LIC-707 


5 BAL/COMP B 
4V- 





LM 148 


Quad 741 Operational Amplifiers 





Distinctive Characteristics 


741 op amp operating characteristics 

Low supply current drain — 0.6mA/amplifier 
Class AB output stage — no crossover distortion 
Pin compatible with the LM124 

Low input offset voltage — 1.0mV 

Low input offset current — 4.0nA 


@ Low input bias current — 30nA 
® Gain bandwidth product 
LM148 (unity gain) — 1.0MHz 
®@ High degree of isolation between amplifiers — 120dB 
@ Overload protection for inputs and outputs 


FUNCTIONAL DESCRIPTION 


The LM 148 is a true quad 741. It consists of four 
independent, high gain, internally compensated, low-power 
operational amplifiers which have been designed to provide 
functional characteristics identical to those of the familiar 
741 operational amplifier. In addition the total supply current 
for all four amplifiers is comparable to the supply current of a 
single 741 type op amp. Other features include input offset 
currents and input bias current which are much less than those 


of a standard 741. Also, excellent isolation between amplifiers 
has been achieved by independently biasing each amplifier and 
using layout techniques which minimize thermal coupling. 


The Am148 can be used anywhere multiple 741 or 1558 type 
amplifiers are being used and in applications where amplifier 
matching or high packing density is required. 


SCHEMATIC DIAGRAM (Each Amplifier) 


ORDERING INFORMATION* 


Part Package Temperature Order 
Number Type Range Number 


Hermetic DIP 0 to +70°C LM348D 

Molded DIP 0 to +70°C LM348N 
Dice Oto +70°C . LD348 

Leadless 0 to +70°C LM318L 


Hermetic DIP —25 to +85°C LM248D 
Leadless —25 to +85°C LM248L 


Hermetic DIP ~55 to + 125°C LM148D 
LM148 Dice —55 to + 126°C LD148 
. Leadiess —55 to +125°C LM148L 


LM348 


LM248 


*Also available with burn-in processing. To order add suffix B to part 
number. 


 Ule-712 


CONNECTION QIAGRAMS - Top Views 
Hermetic and Molded DIP Leadless Chip-Pak 
P-14-1, D-14-1 


’ 
: 
z 

a) 
19 


a 
5 


Note: Pin 1 is marked for orientation. LIC-713 
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LM148 
ABSOLUTE MAXIMUM RATINGS - 








LM148 LM248 LM348 
Supply Voltage +22V +18V +18V 
Differential Input Voltage +44V t36V : +36V 
Input Voltage +22V £18V +18V 
Output Short Circuit Duration (Note 1) Continuous Continuous Continuous 
Power Dissipation (Pg at 25°C) and Thermal 
Resistance (0jA), (Note 2) 
Molded DIP (N) — Pq 570mW 500mWw 
— dja 150°C/W 150°C/w 
Cavity DIP (D) (J) — Pg 900mW 900mW 900mW 
— Oa 100°C/W 100°C/W 100°C/W 
Maximum Junction Temperature (Tjmax.) , 150°C 110°C 100°C 
Operating Temperature Range »—55°C< Ta <+125°C —268C<TaA<+85°C 0°C<Ta<+70C 
Storage Temperature Range —65°C to +150°C —65°C to +150°C —65°C to +150°C 
Lead Temperature (Soldering, 60 seconds) 300°C 300°C 300°C 
ELECTRICAL CHARACTERISTICS (Note 3) 
LM148 LM248 LM348 
Parameters Conditions Min. Max. Min. Typ. Max. Min. Typ. Max. Units 








| mv 
aaa 
hess 
| MHz | 


Typ. 
| 


Supply Current All — a8 _ 
Large Signal Voltage Gain TA = 20 0) Ve= ley 
VouT = #10V, Ry > 2.0k2 
Amplifier to Amplifier Ta = 25°C, f = 1.0Hz to 20kHz 
(Input Referred) 


Am148 Series 





N |] 
a fHleo 

















Am148 Series 
(Ay = 1) 


Input Offset Voltage Rs < 10kQ 

Input Offset Current 
Vs = +15V, VouT = +10V, 
RL > 2.0k2 





Vius 


p nA 


mV 
nA 
nA 

MQ 
mA 
mA 

mV 
nA 
nA 























































N 
fo) 


Notes: 1. Any of the amplifier outputs can be shorted to ground indefinitely; however, more than one should not be simultaneously shorted as the 
maximum junction temperature will be exceeded. 

2. The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by Tjmax. 9A, and the ambient 
temperature, Ta. The maximum available power dissipation at any temperature is Pg = (Tmax — Ta)/6a or the 25°C Pamax, whichever is 
less. Derate Dual In-Line package at 9MW/°C for operation at ambient temperatures above 95°C, plastic 6.8mV/°C above 75°C, leadless 
10mW/°C above 100°C. 

3. These specifications apply for Vg = +15V and over the absolute maximum operating temperature range (T < Ta < Ty) unless otherwise 
noted. 

4. For supply voltages less than +15V, the maximum input voltage is equal to the supply voltage. 


> 
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LF155/LF156. 


Monolithic JFET Input Operational Amplifiers 














GENERAL DESCRIPTION 


These are the first monolithic JFET input operational ampli- 
fiers to incorporate well matched, high voltage JFETs on the 
same chip with standard bipolar transistors. These amplifiers 
feature low input bias and offset currents, low offset voltage 
and offset voltage drift, coupled with offset adjust which does 

‘ not degrade drift or common-mode rejection. The devices are 
also designed for high slew rate, wide bandwidth, extremely 
fast settling time, low voltage and current noise and a low 
1/f noise corner. 





DISTINCTIVE CHARACTERISTICS 


@ Replace expensive hybrid and module FET op amps 

@ Rugged JFETs ‘allow blow-out free handling compared with 
MOSFET input devices 

@ Excellent for low noise applications using either high or low 
source impedance — very low 1/f corner , 

@ Offset adjust does not degrade drift or common-mode rejec- 
tion as in most monolithic amplifiers 

@ Internal compensation and large differential input voltage 

capability 


























The LF155, LF156 series are direct replacements for. 
National LF 155, LF156 series. 





COMMON FEATURES 
(LF155A, LF156A) 


APPLICATIONS 


Precision high speed integrators 
Fast D/A and A/D converters 
High impedance buffers 
Wideband, low noise, low drift amplifiers 
Logarithmic amplifiers 
Photocell amplifiers 
Sample and Hold circuits 
























Low input bias current 
Low input offset current 
High input impedance 
Low input offset voltage 
Low input offset voltage temperature drift 
Low input noise current 

High common-mode rejection ratio 

Large dc voltage gain 


30pA 
3.0pA 
10129, 
1.0mV 
3.0uV/C 
0.01pA/JHz 
100dB 
106dB 






















ORDERING INFORMATION * 












































































Part Package Temperature Order 
Number Type Range Number 
UNCOMMON FEATURES F355 Metal Can o’c to +70°C LF355H 
Dice 0°C to +70°C LD355 
LF1554 LF156A — Units LF255 Metal Can —25°Cto+85°C LF255H 
Extremely LEIS Metal Can —55°C to +125°C LF155H 
fast settling Dice ~55 Cto+125 C LD155 
time to 0.01% Le35ga Metal Can o’C to +70°C LF355AH 
Fast slew Dice 0 Cto+70C LD355A 
Lrissa MetalCan 55°C to +125°C . LFIS5AH 
a Dice ~55 C to #126 C LD1I55A 
bandwidth ny asl LF356 Metal Can O’Cto+70°C = LF356H 
Low input Dice 0°C to +70°C LD356 
Fe eee nv/JHz LF256 MetalCan  —25°Cto+85°C LF256H 
roe Metal Can. —55°C to +125°C LF156H 
Dice -55 Cto+125 C LD156 
CONNECTION DIAGRAM LRS5GA Metal Can o’c to +70°C LF356AH 
Top View Dice 0 Cto+70C LD356A 
Metal Can Leisea Metal Can —55°C to +125°C LF15GAH 
_H-8-1 Dice —55 Cto+125 C LDI56A 


*Also available with burn-in processing. To order, add suffix B to 
part number. 


NC 


: Lo. 
BALANCE () Q v* 
inpuT © es O output 

ee ae 

O 
beat 


Note: 1. Pin 4 is connected to case. 










INPUT 
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SIMPLIFIED SCHEMATIC 


DETAILED SCHEMATIC 
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LF155/LF156 
ABSOLUTE MAXIMUM RATINGS 


LF355A/6A 
LF155A/6A LF155/6 LF355/6 
Supply Voltage +22V +22V +22V +18V 
Power Dissipation (Note 1) TO-99 (H Package) 670mW 670mW 570mW 500mWw 
Operating Temperature Range —55°Cto+125°C —55°Cto+125°C —25°C to +85°C 0°C to +70°C 
TJ(Max.) 150°C 150°C 115°C 100°C 
' Differential Input Voltage t40V +40V t40V +30V 
Input Voltage Range (Note 2) +20V +20V +20V +16V 
Output Short Circuit Duration Continous Continuous Continuous ~ Continuous 
Storage Temperature Range ~ -—65°Cto+150°C -65°Cto+150°C  —-65°Cto+150°C  —65°Cto +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 300°C 300°C 300°C 
a) 
ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Note 3) 
DC CHARACTERISTICS 
LF155A/6A LF355A/6A 
Parameters Description Test Conditions Min. Typ. Max. Min. Typ. Max Units 






Rg = 509, Ta = 25°C 
Over Temperature 
Rs = 502 





Input Offset Voltage 


AVos/AT Average TC of Input Offset Voltage 


ATC/AVos Change in Average TC with Vog Adjust 


Ww! oO 


Rg = 502, (Note 4) 


Ty = 25°C, (Note 3, 5) 
Ty < THIGH 

Ty = 25°C, (Notes 3, 5) 
TJ < THIGH 

Ty= 25°C 

Vg = +15V, Ta = 25°C 50 
Vo = +10V, Ry = 2k2 


ed w om 
° ° °o 


Hts | Input Offset Current 
fi Input Bias Current 


bd 
° 





te) 
Oo 


N 
oO 
oO 






Large Signal Voltage Gain 


Over Temperature 
Vs = t15V, RL = 10kQ 
Vv 





+ o 
oO 


-_ 
NO 


I+ 

aA 

nN 

+ 

ua 

Ww 
N NES 
ao alo 








Vv Output Voltage Swing 
Yo | Ompuvotne Swing S$ = #15V, RL = 2ko #10 +12 z = 
+15.1 
Vom Input Common-Mode Voltage Range Vs = +15V +11 12 +11 
[emAR | Gommon-Made Rejection Ratio | _——SsS~CS S| tO | «iC 
| PSRR | Supply Voltage Rejection Ratio (Note 6) | 85 | 100 | | 85 | 





ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
AC CHARACTERISTICS (Ta = +25°C, Vs = +15V) 


LF155A/355A 
Min. Typ. Max. 


LF156A/356A 


Parameters Min. Typ. Max. 


Description Test Conditions 


ts | Settling Time to 0.01% (Note 7) 
ae Rg = 1000, f = 100Hz 
Equivalent Input Noise Voltage [t= 100% 
f = 100Hz 
Equivalent Input Noise Current fr=1000Hz 


Cin Input Capacitance 


GBW 


1, 
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LF155/LF156 
ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 


DC CHARACTERISTICS (Note 3) ° 
LF155/6 LF255/6 LF355/6 
Parameters Description Test Conditions Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Units 


Rg = 502, Ta = 25°C 3.0 
Input Offset Voltage s A 
Over Temperature 
Average TC of Input ae 
Rs = 502 
Offset Voltage 8 / 
Change in Average TC 
with Vos Adjust 























AVos/AT 

















ATC/AVos Rs = 500, (Note 4) 


Ty = 25°C, (Notes 3, 5) 


Ty < THIGH 
Ty = 25°C, (Notes 3, 5) 





Input Offset Current 












Input Bias Current 


TJ < THIGH 
Vg= #15V, Ta = 25°C 


Vo = #10V, Ry = 2k2 
Over Temperature 


: Vs = +15V, Ru = 10k2 +12 £13 

Output Voltage Swing 
Vg = t15V, RL = 2kQ £12 

Input Common-Mode . 3 +15.1 
Voltage Range pS ety -12 
Common-Mode Rejection 
Ratio 
Supply Voltage Rejection 
Ratio 


DC CHARACTERISTICS (Ta = 25°C, Vs = +15V) 


LF155A/355A LF156A 
LF155/255 ' LF355 wea LF156/256 LF356A/356 
Parameters Max. Typ. Max. Typ. Max. Typ. Max. Units 


Typ. 
[Swpyeuen [20 ] 40 | 20 | 40] 80 | 70 | 60 | 1 | ma _| 


AC CHARACTERISTICS (Ta = +25°C, Vs = +15V) 


mal 
pe 
= 
eal 
ie 
— 
=a 


Large Signal Voltage Gain 


















oo 








+ 
_ 
nN 
He 

= 
wo 


ae 
= Oo 
+ 
{ — 
—-— oO 
Nou 


CMRR 






nN 
es) 
x ~ 
° ° 
+ + 


LF155/255/ . LF156/256/ 
LF355 LF156/256 LF356 
°arameters Description Test Conditions ; Typ. Min. ; ’ Typ. ' Units 


LF155/6: Ay=1, ° 
piew Rate LF157: Ay = 5 
Gain-Bandwidth Product bs 
- Settling Time to 0.01% (Note 7) ; 


Rg = 1000, f = 100Hz 
Equivalent Input Noise Voltage 
f = 1000Hz 


f = 100Hz ’ 
Equivalent !nput Noise Current 





f = 1000Hz 
input Capacitance eee ae 


lotes: 1. The TO-99 package must be derated based on a thermal resistance of 150°C/W junction to ambient or 45°C/W junction to case; for the DIP 

package, the device must be derated based on thermal resistance of 175°C/W junctiontoambient. . . -° |. . : 

. Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 

. These specifications apply for +15V < Vg < +20V, —55°C < Ta < +125°C and TyigH =. +125°C unless otherwise stated for the 

LF155A/6A and the LF155/6. For the LF255/6, these specifications apply for +15V < Vs < +20V, —25°C < Ta < +85°C and THIGH = 
85°C unless otherwise stated. For the LF355A/6A, these specifications apply for +15V < Vg < +20V, 0°C < Ta < +70°C and THIGH = 
+70°C, and for the LF355/6 these specifications apply for Vg = +15V and 0°C < Ta < +70°C. Vos, Ip and log are measured at Voy = 0. 

4. The Temperature Coefficient of the adjusted input offset voltage changes only a smal! amount (0.5u4V/°C typically) for each mV of adjustment 
from its original unadjusted value. Common-mode rejection and open loop voltage gain are also unaffected by offset adjustment. 

5. The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temperature Tj. Due 
to limited production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction 
temperature rises above the ambient temperature as a result of internal power dissipation, Pd. T; = Ta + 6jaPd where 6jq is the thermal 
resistance from junction to ambient. Use of a heat sink is recommended if input bias current is to be kept to a minimum. 

6. Supply Voltage Rejection is measured for both supply magnitudes increasing or decreasing simultaneously, in accordance with common 
practice. : 

7. Settling time is defined here, for a unity gain inverter connection using 2kQ resistors for the LF155/6. It is the time required for the error 
voltage (the voltage at the inverting input pin on the amplifier) to settle to within 0.01% of its final value from the time a 10V step input is 
applied to the inverter. 


On 
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LF155/LF156 
TYPICAL DC PERFORMANCE CHARACTERISTICS 


Input Bias Current Input Bias Current Input Bias Current 










Vg = t15V 














T, 225°C 
10k A 
4 Vg = #20V 4 é R, = 50k2 
- WY, a ; 4 { 
E 
z 1k wy, Z a 2 LF156 
ra YB « w WITH 
2 100 Z- 2 - HEAT SINK 
o (S) 
a < g 
=, = < 
a. 5 5 
2 2 2 
Z 10 2 2 
0.1 0.1 
~§5 —25 5 35 65 5 125 -§5 -25 5 35 65 95 125 -10 = 0 5 10 
AMBIENT TEMPERATURE — °C AMBIENT TEMPERATURE ~ °C COMMON MODE VOLTAGE — V 
Voltage Swing Supply Current Supply Current : 
> 
i} 
9 t < 
< ' E 
Ff b 
z ke 
ke w 2 
2 é 
5 Fa} = 
fa) > & 
x 3 > 
< a a 
w a a 
a 2? a 
° “ =) 
E a 
x 
< 
a 2 
: 0 5 4 15 20 5 
SUPPLY VOLTAGE ~ +V SUPPLY VOLTAGE — £V : 2 


SUPPLY VOLTAGE — tV 


Positive Common-Mode Input 
Negative Current Limit Positive Current Limit Voltage Limit 















8 
> > 
P 5! 25 15 
52 eg " 35 
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Negative Common-Mode Input 
Voltage Limit . Open Loop Voltage Gain Output Voltage Swing - 
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OUTPUT LOAD Ry ~kQ 





NEGATIVE SUPPLY VOLTS — V 
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LF155/LF156 





TYPICAL AC PERFORMANCE CHARACTERISTICS 


Gain Bandwidth Normalized Slew Rate 


Kt 
IN ea ae 
. as Ve=ti5V Lal 
INT Ve =+10V |_| 




















IN 
AN 


SS 
Nun 
SS 
1 PS 0 
-55 -35-15 5 25 45 65 85 105 125 —55 -35-15 5 25 45 65 85 105 125 —55 -35 -15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE — °C AMBIENT TEMPERATURE — °C TEMPERATURE — °C 














GAIN BANDWIDTH — MHz 








UNITY GAIN BANDWIDTH — MHz 











LF155 Small Signal Pulse LF156 Small Signal Pulse 
Response, Ay = +1 Response, Ay = +1 
EEE 


OUTPUT VOLTAGE SWING 
50mV/DiIV 

QUTPUT VOLTAGE SWING 
: 50mV/DIV 





LF155 Large Signal Pulse LF156 icacge Signal Pulse 
Response, Ay = +1 Response, Ay = +1 
| Peep epee eel 
Seen 
SAGRRAGE 
fA TT ET AT 
Vid iid wt 
ff pd] |p. 


TIME — 1.04us/DIV TIME — 1.0ys/DIV 


OUTPUT VOLTAGE SWING 
OUTPUT VOLTAGE SWING 


Open Loop Frequency 
Inverter Settling Time Inverter Settling Time Response 


/ LF156 
Ay =-1.0 
PA 
AX 
N} 
\ =10 
1 1 10 10.100 1k 10k 100k 1M 10M 100M 


SETTLING TIME — ys SETTLING TIME — us FREQUENCY — Hz 





























{-———_ 
OPEN LOOP VOLTAGE GAIN — dB 


























OUTPUT VOLTAGE SWING FROM OV —V 
OUTPUT VOLTAGE SWING FROM OV — V 


t 
o°o 
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LF155/LF156 


PEAK TO PEAK 
OUTPUT VOLTAGE SWING — V 


COMMON MODE REJECTION RATIO — dB 


GAIN — dB 


TYPICAL AC PERFORMANCE CHARACTERISTICS (Cont.) 


Bode Plot 


LF155 
Vg = £15V 














FREQUENCY — MHz 


Common-Mode Rejection 
Ratio 








0 
10 100 1k 











10k 100k-1M 10M 


FREQUENCY ~ Hz 


Undistorted Output 
Voltage Swing 





Ta = 25°C 
Ry = 2.0k2 
Ay = 1.0 


<1% DIST. ~~] 























100k 
FREQUENCY — Hz 


Output Impedance 





OUTPUT IMPEDANCE — 2 











10k 100k 1M 
FREQUENCY — Hz 





Bode Plot 





$33¥930 — 3SVHd 
GAIN - cB 


$43Y4930 — ASVHd 




















FREQUENCY — MHz 


Power Supply Rejection Ratio (LF155) Power Supply Rejection Ratio (LF156) 


EQUIVALENT INPUT 
NOISE VOLTAGE — nVVHz 


POWER SUPPLY REJECTION RATIO — dB 


a 








1k 100k 
FREQUENCY — Hz 


Equivalent Input Noise Voltage 








EQUIVALENT INPUT 
NOISE VOLTAGE — nV/V Hz 


























FREQUENCY — Hz 


POWER SUPPLY REJECTION RATIO — d 


120 








POSITIVE 


SS SUPPLY 
NEGATIVE 
SUPPLY 

















0 
100 1k 10k 100k 
FREQUENCY — Hz 


Equivalent Input Noise 
Voltage (Expanded Scale) 


Vg = 15V 
Ta = 28°C 
































1k 
FREQUENCY — Hz 


Output Impedance 

















OUPTUT IMPEDANCE — 2 
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APPLICATION HINTS 


The LF155/6 series are op amps with JFET input devices. 
These JFETs have large reverse breakdown voltages from gate 
to source and drain eliminating the need for clamps across the 
inputs. Therefore large differential input voltages can easily 
be accomodated without a large increase in input current. The 
maximum differential input voltage is independent of the 
supply voltages. However, neither of the input voltages should 
be allowed to exceed the negative supply as this will cause 
large currents to flow which can result in a destroyed unit. 


Exceeding the negative common-mode limit on either input 
will cause a reversal of the phase to the output and force the 
amplifier output to the corresponding high or low state. Ex- 
ceeding the negative common-mode limit on both inputs will 
force the amplifier output to a high state. In neither case 
does a latch occur since raising the input back within the 
common-mode range again puts the input stage and thus the 
amplifier in a normal operating mode. 


Exceeding the positive common-mode limit on a single input 
will not change the phase of the output however, if both 
inputs exceed the limit, the output of the amplifier will b« 
_ forced to a high state. 


These amplifiers will operate with the common-mode input 
voltage equal to the positive supply. In fact, the common- 
mode voltage can exceed the positive supply by approximately 
100 mV independent of supply voltage and over the full oper- 
ating temperature range. The positive supply can therefore be 
used as a reference on an input as, for example, in a supply 
current monitor and/or limiter. 


LF155/LF156 





Precautions should be taken to ensure that the power supply 
for the integrated circuit never becomes reversed in polarity or 
that the. unit is not inadvertently installed backwards in a 
socket as an unlimited current surge through the resulting for- 
ward diode within the IC could cause fusing of the internal 
conductors and result in a destroyed unit. 


Because these amplifiers are JFET rather than MOSFET input 
Op amps they do not require special handling. 


All of the bias currents in these amplifiers areset by FET cur- 
rent sources. The drain currents for the amplifiers are there- 
fore essentially independent of supply voltage. 


As with most amplifiers, care should be taken with lead dress; 
component placement and supply decoupling in order to en- 
sure stability. For example, resistors from the Output to an 
input should be placed with the body close to the input to 
minimize “‘pickup’’ and maximize the frequency of the feed- 
back pole by minimizing the capacitance from the input to 
ground. 


A feedback pole is created when the feedback around any 
amplifier is resistive. The parallel resistance and capacitance 
from the input of the device (usually the inverting input) to 
ac ground set the frequency of the pole. In many instances 
the frequency of this pole is much greater than the expected 
3 dB frequency of the closed toop gain and consequently 
there is negligible effect on stability margin. However, if the 
feedback pole is less than approximately six times the ex- 
pected 3 dB frequericy a lead capacitor should be placed from 
the output to the input of the op amp. The value of the 
added capacitor should be such that the RC time constant of 
this capacitor and the resistance it parallels is greater than or 
equal to the original feedback pole time constant. 


TYPICAL CIRCUIT CONNECTIONS AND PAD LAYOUT 


Settling Time Test Circuit 


2.0k2, 0.1% 


2.0k2, 0.1% 
*4002, 0.1% 


+10V ae 
ov 
5.0kQ, 0.1% 
*t.OkM, 0.1% 


TO CRO 

(USE LOW : 
CAPACITANCE PROBE) 

Settling time is tested with the LF 155/156 connected as 
unity gain inverter Output = 10V step. 


PHANTOM 
SUMMING NODE 


LIC-722 


Vos Adjustment 


Vos is adjusted with a 25k 
potentiometer. 

The potentiometer wiper is 
connected to Vt. 


LIC-720 


Metallization and Pad Layout 


BALANCE 


INVERTING 


INPUT 2 


‘NON. 
INVERTING 3 
INPUT 


6 OUTPUT 


BALANCE 


75 x 45 Mils 








LH2108/2208/2308 
~ LH2108A/2208A/2308A - 


Dual Operational Amplitiers 





: Description: The 2108, 2208, 2308, 2108A, 2208A, and. 1H2108, LH2208, LH2308, LH2108A, LH2208A and 
2308A monolithic operational amplifiers are functionally, LH2308A. 
electrically and pin-for-pin equivalents to the National 


FUNCTIONAL DESCRIPTION | FUNCTIONAL DIAGRAM 


These dual differential input, precision amplifiers provide Frequency Compensation Circuits 
low input current and offset voltage competitive with FET ; 

and chopper stabilized amplifiers. They feature low power INVERTING INVERTING 
consumption over a supply voltage range of +2V to +20V. oe 

The amplifiers may be frequency compensated with a 

single external capacitor. The 2108A, 2208A, and 2308A 

are high performance selections from the 2108/2208/2308 

amplifier family. 


04821A-1 


APPLICATIONS 
Connection of Input Guards 


OUTPUT 


INVERTING AMPLIFIER FOLLOWER NON-INVERTING AMPLIFIER 


NOTE: Ri R2 


ista LOW imped 
04821A-2 *Use to compensate for large source resistances. Riek fa. meee en mpRSAneS 


ORDERING INFORMATION CONNECTION DIAGRAM — Top View 


Part Package Temperature Order Hermetic 
Number Type ‘Range Number Dual In-Line 


LH2308  HermeticDIP Oto +70°C LH2308D D-16-1 
LH2208  HermeticDIP_ —-25to +85°C + —-LH2208D 
LH2108 Hermetic DIP -55 to +125°C LH2108D OUTPUT (A) 


LH2308A HermeticDIP 0 to +70°C LH2308AD ouT comp (A) [_] NC 
LH2208A HermeticDIP —-25to+85°C  —— LH2208AD incom: 4 NC 
LH2108A Hermetic DIP -55to +125°C — LH2108AD = 


INVERTING INPUT (A) [ NONINVERTING INPUT (B) 


Also available with burn-in processing. To order, add suffix B to 
NONINVERTING INPUT (A) [_| INVERTING INPUT (B) 
the part number. 


IN COMP (B) 
OUT COMP (B) 
OUTPUT (B) [_] V+ (B) 


Note: Pin 1 is marked for orientation. 
LIC-908 
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LH2108/2208/2308 » LH2108A/2208A/2308A 
MAXIMUM RATINGS 








Supply Voltage 

LH2108, 2208, 2108A, 2208A +20V 

LH2308, 2308A +18V 
Internal Power Dissipation (Note 1) 500mW 
Differential Input Current (Note 2) , +10mA 
Input Voltage (Note 3) +15V 
Output Short-Circuit Duration Indefinite 
Operating Temperature Range | 

LH2108, 2108A —55 to +125°C 

LH2208, 2208A —25 to +85°C 

LH2308, 2308A . Oto +70°C 
Storage Temperature Range —65 to +150°C 
Lead Temperature (Soldering, 60 sec) 300°C 





ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise specified) (Note 4) 


LH2108 LH2108A 
Parameters. Test LH2308 LH2308A LH2208 LH2208A 
(See definitions) Conditions Min Typ Max Min Typ Max Min Typ Max Min Typ Max Units 


Input Offset Voltage 
Input Offset Current 
Input Bias Current 


Input Resistance 










Supply Current 









Vout = +10V, 
Ri = 10k 





Input Offset Voltage 
Input Offset Current 


Average Temperature 
Coefficient of Input 
Offset Voltage . 


| Average Temperature 
Coefficient of Input 
Offset Current 












Vg = +15V, 
Vout = +10V, 
Ry > 10k 


nN 


rr 
it ie a 
o Go (oy o 
uo 
a ° ~ Slo 
os a oO 8 N 










Supply Voltage 
Rejection Ratio 
Rae Vg = +15V, 
Output Voltage Swing Ry = 10k0 +13 | +14 


Vs = +20V : 
Ta = THIGH . 
Vg = +15V 
Ta = THIGH 
Notes: 1. Derate the Dual In-Line package at 9mW/°C for operation at ambient temperature above 95°C. . 
2. The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a differential input voltage 
in excess of 1V is applied between the inputs unless some limiiting resistance is used. 
3. For supply voltages less than +15V, the maximum input voltage is equal to the supply voltage. 
4. Unless otherwise specified, these specifications apply for supply voltages from +5 to +20V for the 2108, 2208, 2108A and 2208A and from 
+5V to +15V for the 2308 and 2308A. 


Supply Current 
(each amplifier) 
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LH2108/2208/2308 »- LH2108A/2208A/2308A 


ADDITIONAL APPLICATION INFORMATION 
GUARDING 


Extra care must be taken in the assembly of printed circuit 
boards to take full advantage of the low input currents of the 
2108 amplifier. Boards must be thoroughly cleaned with TCE or 
alcohol and blown dry with compressed air. After cleaning, the 
boards should be coated with epoxy or silicone rubber to 
prevent contamination. 


Even with properly cleaned and coated boards, leakage 
currents may cause trouble at 125°C, particularly since the 


input pins are adjacent to pins that are at supply potentials. 
This leakage can be significantly reduced by using guarding to 
lower the voltage difference between the inputs and adjacent 
metal runs. The guard, which is a conductive ring surrounding 
the inputs, is connected to a low-impedance point that is at 
approximately the same voltage as the inputs. Leakage 
currents from high-voltage pins are then absorbed by the 


guard. 


TYPICAL PERFORMANCE CURVES 


Input Currents 


Maximum Drift Error 


Maximum Offset Error 





INPUT CURRENT-nA 
ORIFT ERROR — pV/°C 


— aa: 
08a/2 


Fay aka 
maaeeorrsery TT 


fn) a BEES sacs owe 
-55 -35 -15 5 a 45 65 85 105 125 
TEMPERATURE -°C 


ol] 2308/2308A: 


Power Supply Rejection 


INPUT NOISE -nV/A/Hz 


SUPPLY REJECTION-dB 


si | 
Aes: < 128°C: 
i 2208/2208A: —25°C <T as < 86°C 
O'C<Ta< 70°C 


INPUT RESISTANCE — Q 


Input Noise Voltage 

















2108/2108A: -55°C ST, < 125°C 
2208/2208A: -25°C STaS 85°C 
2308/2208A:  O°CS Ta 70°C 


EQUIVALENT INPUT OFFSET VOLTAGE — mV 


1M 10M 
INPUT RESISTANCE — 2 


Voltage Gain 


VOLTAGE GAIN-dB 





100k 
FREQUENCY -Hz 


an 


1k 


_ FREQUENCY -Hz 
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it 
SUPPLY VOLTAGE~-£V 


O04821A-3 





OUTPUT SWING-+V 


OUTPUT IMPEDANCE-2 


TYPICAL PERFORMANCE CURVES (Cont.) 


Output Swing 


See 
CLAN 


OUTPUT CURRENT~tmA 


Closed Loop 
Output Impedance 


‘Ay = 1000, Cy = 0 pF 
LZ Ay = 1000, C5 = 30 pF 
Ay = 1, Cy = 30 pF 


1k 10k 100k 1M 10M 
FREQUENCY-Hz 


SUPPLY CURRENT-pA 


OUTPUT SWING-+V 





Supply Current 
Each Amplifier 


SUPPLY VOLTAGE-+tV 


Large Signal 
Frequency Response 


Py il Ta = 25°C 
VTE TEAS 
PTE LA 


PALIT | sensor] tT | 
PNT TTT ETT | 
PINT NTE TTT 
NGI GRE 
PAST 


10k 100k 
FREQUENCY-Hz 
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LH2108/2208/2308 + LH2108A/2208A/2308A 


VOLTAGE GAIN-dB 


VOLTAGE SWING-V 





Open Loop 
Frequency Response 


PHASE LAG - deg. 


1k 10k 100k 1M 
FREQUENCY-Hz 


Voltage Follower 
Pulse Response 





Cy = 30 pF 


O 20 40 60 80 100 120140160 
TIME -us 


O04821A-4 





oe 


si 


Os 





eee 


é 


ee : Se 


ee 


Ge 3 i ss oe 
of eee) 


- 
ee 





COMPARATORS 





Ae SEE et 


DBO SG BER Sta ct nis I 





Comparators —. Section VI 


LM111/211/311 
LM119/219/319 
LM139/239/339 
LM139A/239A/339A 
Am685 


Am686 
Am687 


Am1500 
LH2111/2211/2311 
Am6685 
Am6687 


Precision Voltage Comparator ...............ceceeceeeeeees iqiewe 6-1 
Dual Voltage Comparator ............ cece eee eee eee ee nees 6-5 
Low Offset Voltage Quad Comparator ........... cece cece ee ee eee 6-9 
Low Offset Voltage Quad Comparator......... (sais der awapenes ata 6-9 
Very Fast ECL Output Voltage Comparator .............. 0. cece eee 6-15 
A New High-Speed Comparator — The Am685 ................... 6-23 
Very Fast TTL Output Voltage Comparator ............... 0. 6-32 
Dual Very Fast ECL Output Voltage Comparator ................005 6-34 
Designing with High-Speed Comparators ...... Wide aay GW ace'e uta 6-36 
Dual Precision Voltage Comparator ......... ie hcaiosd Faken aa Oak ae 6-46 
Dual Precision Voltage Comparator ............. cc cece eee e ween eeee 6-50 
Ultra-Fast ECL Output Voltage Comparator ..............0 eee eee 6-54 


Dual Ultra-Fast ECL Output Voltage Comparator ................... 6-54 


LM111/211/311 


Precision Voltage Comparator 





Distincti feiss 
istinctive Characteristics © Output Drive — 50V and 50mA 


@ The AMD LM111/211/311 are functionally, electrically, @ Input Bias Current ~— 150nA max. 
and pin-for-pin equivalent to the National @ Input Offset Voltage — 4mV max. 
LM 111/211/311 @ Differential Input Voltage Range — +30V 


FUNCTIONAL DESCRIPTION FUNCTIONAL DIAGRAM 


The LM111/211/311 are voltage comparators featuring low 

input currents, high differential and common mode voltage 

ranges, wide supply voltage range, and outputs compatible 

with all bipolar and MOS circuitry. The inputs and outputs vt yr COLLECTOR: 
can be isolated from system ground, and the output can drive OUTPUT 
loads refered to ground or either supply. Strobing and offset 


balancing are available and the outputs can be wire ORed. peat 


CONNECTION DIAGRAM — Top View 
Ceramic Flat Package INVERTINGg 


O ry 
EMITTER 


O 
-BALANCE ‘ BALANCE/ OUTPUT 
STROBE 


Pin 5 is connected to bottom of package. LIC-083 , LIC-081 


CONNECTION DIAGRAMS -— Top Views . 
Hermetic DIP Mini-DIP Meta! Can 
P-8-1 H-8-1 


V+ 





EMITTER OUTPUT 
NON-INVERTING INPUT 


INVERTING INPUT BALANCE/ 
r-] 6 BALANCE ut O O sTROBE 


STROBE 
BALANCE 
V- 


Pin 6 is connected to bottom of package. Pin 4 is connected to case. LIC-084 


ORDERING INFORMATION* CONNECTION DIAGRAM — Top View 


Package Temperature Order Leadless Chip-Pak 
Type Range Number - L-20-1 


TO-99 ~ Oto +70°C LM311H 
Hermetic DIP 0 to +70°C LM311D 
Mini-DIP 0 to +70°C LM311N 
Dice 0 to +70°C LD311 
Leadless Oto +70°C LM311L 


TO-99 —25 to +85°C LM211H 
Hermetic DIP —25to +85°C LM211D * NONINVERTING COLLECTOR 
Leadless —25to +85°C = LM211L NPL OUTPUT 
Ceramic Flat Package -25to +85°C } =9LM211F NC NC” 


TO-99 ‘ -55to +125°C LM111H: INVERTING : BALANCE 
Hermetic DIP -55to +125°C LM111D _ INPUT STROBE 
Flat Pak —55to+125°C 3 =LM111F ne : NC 
Dice -55to +125°C LD111 F 
Leadless -55to+125°C LMI11L 
Ceramic Flat Package —55to +125°C LM111F 


*Also available with burn-in processing. To order add suffix B 
to part number. 


EMITTER 
OUTPUT 


9 

z 

w 
1 


y Lf 


NC NC 


N 


BALANCE ) | 
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LM111/211/311 
MAXIMUM RATINGS 


Voltage from Vt to V— 

Voltage from Collector Output to V— 
LM111/211 
LM311 

Voltage from Emitter Output to V— 








36V 


50V 
40V 
30V 





Voltage between Inputs 
Voltage from Inputs to V— 
Voltage from Inputs to Vt 





Power Dissipation (Note 1) 
Output Short Circuit Duration 








+30V 
+30V, -0V 
—30V 
500mW 

10 sec 





Operating Temperature Range 
LM111 





—55°C to +125°C 





LM211 





—25°C to +85°C 














LM311 : 
Storage Temperature Range 





Lead Temperature (soldering, 10 sec) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise specified) (Note 2) 


LM311 
Parameters (see definitions) ‘Test Conditions Min. Typ. 


Input Offset Voltage (Note 3) 


Input Offset Current (Note 3) 
Input Bias Current (Note 3) 


Response Time (Note 4) RL =5002 to+5 V, VE=0 


Supply Current 
Positive 





0°C to +70°C 





—65°C to +150°C 
300°C 


LM111 


: LM211 
Max. Min. Typ. Max. Units 








Voltage Gain 








Saturation Voltage 


Vv 
Output Leakage Current . IN 
‘ VIN 























Vin <—10mV, 1c =8mA 





VIN = +6 mV, Vc to VE = 50 V 





Ta = 125°C 











Notes: 1, For the LM111/211/311, derate Metal Can package at 6.8mW/°C for operation at ambient temperatures above 75°C, the Dual In-Line at 9mW/°C for 
operation at ambient temperatures above 95°C, the Flat Packages at 5.4mW/°C for operation at ambient temperatures above 57°C, and the Mini-DIP at 


6.6mWI°C above 36°. 


2. Unless otherwise specified, these specifications apply for V* = +15V, V- = -15V, Ve = —15V, and R, at collector output = 7.5k2 to +15V. 
3. The offset voltage, offset current and bias current given are the maximum values required to drive the collector output to within 1V of the supplies with 
a 7.5kN load. These parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 


4. The response time specified (see definitions) is for a 100mV input step with 5mV overdrive. 
; 6-2 


LM111/211/311 
PERFORMANCE CURVES 


Input Bias Current Input Offset Current Offset Error 





Am111/211 
Am311 


INPUT BIAS CURRENT-nA 


a 
Vos = Vos tR 
, F oa Lit _THiYe9s" vos 
-55 -35-15 5 25 45 65 85 105 125 -55 -35 -15 5 25 45 65 85 105 125 10k 100k 1M 
TEMPERATURE-°C TEMPERATURE-°C INPUT RESISTANCE-Q 


INPUT OFFSET CURRENT-nA 


a8 
Dinan 


EQUIVALENT INPUT OFFSET VOLTAGE-mvV 


; Response Time For 
Common-Mode Limits Transfer Function Various Input Overdrives 


a ee 
ay {[\/ |_| Vg = 215V 
Ny f | [Ta=28°C 
| UD 











f| ow 





COMMON MODE LIMITS-V 
OUTPUT VOLTAGE -V 














INPUT VOLTAGE-mV OUTPUT VOLTAGE-V 


Vv 
-§5 -35 -15 5 25 45 65 85 105 125 . 
TEMPERATURE-°C DIFFERENTIAL INPUT VOLTAGE-mV 


Response Time For Response Time For Response Time For 
Various Input Overdrives Various Input Overdrives Various Input Overdrives 




















TT Tenstev 
|_| It, =28°¢ 
ba 





INPUT VOLTAGE-mV OUTPUT VOLTAGE-V 
INPUT VOLTAGE-mV OUTPUT VOLTAGE-V 
INPUT VOLTAGE-mV OUTPUT VOLTAGE-V 


TIME-us 


Supply Current 





5 | Am111/211/311 amiii2it |_| 


— F 
Sa eeaaeee 
acca Sse 
L_— 
ATIVE SUPPLY 


LOW 
pw 
Fedde | fone 
(| __NEG EaRhe 
POSITIVE SUPPLY 


NEGATIVE SUPPLY | | 
OUTPUT HIGH fae 
Vv 


a i POSTIVE SUPPLY 
a one 3 TPUT HIGH: 
ele An feta I ix 


+5 +10 an : -55 -35-15 5 25 45 65 85 105 125 
SUPPLY VOLTAGE -V TEMPERATURE-°C 





SUPPLY CURRENT- mA 
SUPPLY CURRENT-mA 
LEAKAGE CURRENT-A 


avin 
Sriie 


i+ 
_ 
oO 


TEMPERATURE~C 
LIC-085 





LM141/211/311 





APPLICATIONS 


Offset Balancing . Increasing Input 
; 4 , Stage Cuyrent* — 


LIC-086 LIC-087 


Strobing ~ Strobing OFF both 
Input and Output Stages** 


LIC-088 


LIC-089 


*Increases input bias current and common mode slew rate by a factor of 3. 
**Typical input current = 50pA with inputs strobed OFF. 


METALLIZATION AND PAD LAYOUT 


INPUT (+) VE 


INPUT (—) 


BAL _—BAL/ST 


DIE SIZE: 0.048” X 0.065” 


LM119/219/319 


Dual Comparator 





Distinctive Characteristics 


® The AMD LM119/219/319 are functionally, electrically, 
and pin-for-pin equivalent to the National 
LM119/219/319. 


@ Two independent comparators. 
@ Operates from single 5V supply. 


Output drive — 35V and 25mA. 

Input bias current — 1~A max. (1.2uA for Am319) 
Response time 80ns typical at +15V. 

Minimum fan out of 2 each side. 

Inputs and outputs isolated from system ground. 
High common mode slew rate. 


FUNCTIONAL DESCRIPTION ; “ FUNCTIONAL DIAGRAM 


The LM 119/219/319 are dual high-speed voltage com- (One Comparator) 
parators designed to operate over a wide range of voltage 

supplies down to a single 5V supply and ground. They COLLECTOR 
have higher gain and lower input bias currents than de- ees 
vices such as the 4A710. The uncommitted collector of the 
output stage facilitates RTL, OTL and TTL interfacing, and NONINVERTING 

driving lamps and relays at currents up to 25mA. The device is INPUT 

specified for operation from power supplies up to +15V and INVERTING 

features faster response than the LM111 at the expense of ie ao 
higher power dissipation. ae 
The LM119 performance is specified over the temperature pene nea 
range —55 to 125°C, the LM219 performance is specified over 

the temperature range —25 to 85°C and the Am319 perfor- 


mance is specified over the temperature range 0 to 70°C. pcoed 


CONNECTION DIAGRAMS - Top Views 
Flat Package Leadless Chip-Pak Metal Can 
H-10-1 


g 
z 
LJ 


19 





NC 


Ve 


NC 


INPUT 2 — 


3 
3 


outeut2 J] 
wweut2+ J) | 


LIC-o90 Pin 5 connected to bottom of package. — Pin 5 connected to case. LIC-092 


ORDERING INFORMATION* CONNECTION DIAGRAM 
, Top View 
Hermetic and Molded 
Dual tn-Line 
TO-99 0 to +70°C LM319H D-14-1, P-14-1 
Hermetic DIP Pto +70°C LM319D : 
Molded DIP 0 to +70°C LM319N 
Dice Oto +70°C LD319 
Leadless 0 to +70°C LM319L 


TO-99 —25 to +85°C LM219H 
Hermetic DIP —25 to +85°C LM219D 
Flat Pak —25 to +85°C LM219F 
Leadless —25 to +85°C LM219L 


TO-99 ~55to+125°C = LM119H 
Hermetic DIP —55 to +125°C LM119D 
’ Flat Pak. —55 to +125°C : LM119F 
Dice -55to +125°C  LD119 
Leadless —55 to + 125°C LM119L 


Package Temperature Order 
Type Range Number 


*Also available with burn-in processing. To order add suffix B. . : 
to part number. Pin 6 connected to bottom of package. } LIC-093 
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LM119/219/319 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Voltage from Vt to V—- 36V 

















Voltage from Collector Output to V— 36V 
Voltage from Ground to V+ 18V 
Voltage from Ground to V— - 25V 
Differential Input Voltage +5.0V 
Input Voltage (Note 1) +15V 
Power Dissipation (Note 2) : ; 500mW 
Output Short Circuit Duration 10s 
Operating Temperature Range 
LM119 —55°C to +125 °C 
LM219 —25°C to +85°C 
LM319 0°C to +70°C 
Storage Temperature Range —65°C to +150°C 


Lead Temperature (soldering, 10 sec) 300°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°C, Unless Otherwise Noted) (Note 3) 
Parameters LM319 LM119/219 


(See definitions) Conditions Min. =‘ Typ. Max. Min. Typ. 


Max. 

[Input Offeer Vohage Nowa) [Agcsk SSSC*dSSC“‘i([' 20+ BO [| 07 | 40 | mw 
| Input Offset Current (Note 4) [| | | 80ST 00 || 0 fe | 
| inputBiasCurrent | 0 | t000 | | t50 | 500 || rv 
{_Response Time (NoteS) | | 
Newt | ve=ssv 
Oa 

Agate ace | Vin<-5.0mv,ic=25ma | | | 

Vineatomviig=zsma_— | iO | | 


Vine seonv.vowverssyt || 
| cwominienomen enim eaves pba ef 





Supply Current 


The Following Specifications Apply Over The Operating Temperature Ranges 


Input Offset Voltage (Note 4) Rs <5k 


Vin < —8.0MV, Ic = 3.2mMA 


Vin <—12MV, Ic = 3.2mA - 
Output Leakage Current Vin 2 +8.0mV, Vc to Ve = 35V 


Vg =+15V 
Input Voltage Range 
Vt =5.0V, V— =0- 


Notes: 1. For supply voltages !ess than + 15V the absolute maximum rating is equal to the supply voltage. 
2. Derate Metal Can package at 6.8mW/°C for operation at ambient temperatures above 75°C, the Dual-In-Line at 9mMW/*C for operation at tempera- 
tures above 95°C, and the Flat Package at 5.4mW/*C for operation at temperatures above 57°C. 
3. The offset voltage, offset current and bias current specifications apply for any supply voltage from a single 5V supply up to + 15V supplies. 
4. The offset voltages and offset currents given are the maximum values required to drive the output within 1 volt of either supply with a 1MA load. 
Thus, these parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 
5. The response time specified is for a 100MV input step with SmV overdrive. 


Saturation Voltage 
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LM119/219/319 





TYPICAL PERFORMANCE CURVES 


Input Currents Common Mode Limits Transfer Function 


=m eee 
Ry = 1.4k2 ania 
tare | | VT | I | 
fea ee etl I 


PEE TT tT tt 
Hee 


AE Vtt = 5 OV. 


INPUT CURRENT — mA 
COMMON MODE LIMITS — V 
OUTPUT VOLTAGE HIGH — V 
A— M01 F9VLIOA LNdLNO 


; , ,2e5= Aid, 
-55 -35-15 5 25 45 65 85 105 125 -55~-35-15 5 25 45 65 85 105 125 -10 -06 -0.2 0.6 1.0 
TEMPERATURE — °C TEMPERATURE — °C DIFFERENTIAL INPUT VOLTAGE — V 





Response Time for Response Time for 
Various Input Overdrives Various Input Overdrives Input Characteristics 


Vg = #15V 
Ry = 5002 


OUTPUT 
VOLTAGE —V 
OUTPUT 
VOLTAGE — V 


INPUT BIAS CURRENT — nA 


INPUT 
VOLTAGE — mv 
INPUT 
VOLTAGE — mV 


a a 


-50 0 50 100 150 200 250 300 350 -50 0 50 100 150 200 250 300 350 
TIME — ns TIME — ns DIFFERENTIAL INPUT VOLTAGE — V 


Response Time for Response Time for 
Various Input Overdrives Various Input Overdrives Output Saturation Voltage 





Vg = #15V 
Ry = 5002 


OUTPUT 


OUTPUT 
VOLTAGE - V 
VOLTAGE ~ V 


P= LM119 
Ta = —55°C 


OUTPUT CURRENT — mA 


VOLTAGE — mV 
INPUT 
VOLTAGE — mV 


50 
-50 0 50 100 150 200 250 300 350 50 100 150 200 250 300 350 
TIME ~ ns TIME — ns OUTPUT VOLTAGE — V 


Supply Current Supply Current Output Limiting Characteristics 


120 


POSITIVE SUPPLY, Vg = #15V 


SUPPLY CURRENT — mA 
SUPPLY CURRENT — mA 
M-— NOLLVdISSIC YaMOd 


NEGATIVE SUPPLY, Vg = #15V 


SHORT CIRCUIT CURRENT — mA 


ty) 
55 -35-15 5 25 45 65 85 105 125 
SUPPLY VOLTAGE ~ V TEMPERATURE ~ °C OUTPUT VOLTAGE ~ V 
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LM119/219/319 





APPLICATIONS 


Relay Driver Window Detector 


LM119/ 


219/319 © TTL OUTPUT 
4 


| 


INPUTS \ 


+ 1/2 
LM119/ 
g | 219/319 


Vout = 5.0V for 
a | Vit < Vin S Vut 
LIC-095 Vout = 0 for 
Vin S Vitor Vin > Vut 





LIC-096 


Metallization and Pad Layout 


~INPUT 2 


+INPUT 2 





OUTPUT 1 GROUND 2 


GROUND 1 





OUTPUT 2 





+INPUT 1 


— INPUT 1 


DIE SIZE: 0.078" X 0.057” 





LM139/239/339 ¢ LM139A/239A/339A 


Low Offset Voltage Quad Comparators 


Distinctive Characteristics 


Four high precision comparators 
Reduced VOS drift over temperature 
Eliminates need for dual supplies 
Allows sensing near ground 
Wide single supply voltage range or dual supplies 
2.0Vpc to 36Vpc 
+1.0Vpc to t18Vpc 
Very low supply current drain (0. sania ddsendeat 
of supply voltage (1.0mW/comparator) makes these 
comparators suitable for battery operation. 


FUNCTIONAL DESCRIPTION 


The AMD LM139, LM239, LM339, LM339A, LM239A and 
LM339A quad comparators are functionally, electrically and 
pin-for-pin equivalent to the National LM139, LM239, LM339, 
LM339A, LM239A and LM339A. This series of precision 
comparators consists of four independent voltage comparators 
which were specifically designed to operate from a single power 
supply over a wide range of voltages. Operation from 
split power supplies is also possible and the low power supply 


' current drain is independent of the magnitude of the power 


supply voltage. These comparators have a unique characteristic 


ORDERING INFORMATION* 


Order 
Number 


LM339D 
LM339N 
LD339 

LM339L 


LM239D 
LM239L 


LM139D 
LM139F 
LD139 

LM139L 


LM339AD 
LM339AN 
LD339A 

LM339AL 


LM239AD 
LM239AL 


LM139AD 
LM139AF 
LD139A 

LM139AL 


Part 
“Number 


Package 
Type 


Hermetic DIP 
Molded DIP 
. Dice 
Leadless 


Hermetic DIP 
Leadiess 


Hermetic DIP 
Flat Pack 
Dice 
Leadless 
Hermetic DIP 
Molded DIP 
Dice 
Leadless 


Hermetic DIP 
Leadiess 


Hermetic DIP 
Flat Pack 
Dice 
Leadless 


Temperature 
Range 


0 to +70°C 
0 to +70°C 
0 to +70°C 
0 to +70°C 


—25 to +86°C 
—25 to +85°C 


—55 to +125°C 
—55 to +125°C 
—55 to +125°C 
—55 to + 125°C 


0 to +70°C 
0 to +70°C 
0 to +70°C 
Oto +70°C 


~25 to +85°C 
—25 to +85°C 


~55 to +125°C 
—55 to +125°C 
—55 to +125°C 
—55 to + 125°C 


LM339 


- LM239 


LM139A 


*Also available with burn-in processing. To order add suffix B 
to part number. 


@ Low input bias current —35nA 


@ Low input offset current — 3.0nA and offset 
voltage — 2.0mV 


@ Input common-mode voltage range includes ground 
e Differential input voltage range equalto the power 


supply voltage 
@ Low output saturation voltage 
1.0mV.at 5.0nA 
6OmV at 1.0mMA 
e@ Output voltage compatible with TTL, DTL, ECL, 
MOS and CMOS logic systems 


in that the input common-mode voltage range includes ground 
even though operated from a single power supply voitage. 


Application areas include limit comparators, simple analog to 
digital converters; pulse, squarewave and time delay generators; 
wide range VCO; MOS clock timers; multivibrators and high 
voltage digital logic gates. The LM139/A series was 
designed to directly interface with TTL and CMOS. When 
operated from both plus and minus power supplies, the 
LM139/A will directly interface with MOS logic — where the 
lower power drain of the LM139/A is a distinct advantage over 
standard comparators. 


SCHEMATIC DIAGRAM 


Ovt 
OUTPUT 


O 
+INPUT 


- CONNECTION DIAGRAMS - Top Views 
Leadless Chip-Pak Hermetic and Molded DIP 


[} output 3 


Note: Pin 1 is marked for orientation. 








LM139/239/339 - LM139A/239A/339A 
MAXIMUM RATINGS (Above which the useful life may be impaired) 





Supply Voltage, V+ 36 Voc or £18 Voc . Output Short Circuit to GND (Note 2) Continuous 

Differential Input Voltage 36Vpc Ss Input Current (Vin —0.3 Voc) (Note 3) 50 mA 

Input Voltage —0.3 Voc to +36 Voc Operating Temperature Range = 

LM339/A O°C to +70°C 

Power Dissipation (Note 1) LM239/A —25°C to +85°C 
Ceramic Dip - 900 mW LM139/A —55°C to +125°C 
Plastic Dip : 570 mW Storage Temperature Range —65°C to +150°C 
Flat Pack | 800 mW Lead Temperature (Soldering, 10 seconds) 300°C 

ELECTRICAL: CHARACTERISTICS LM239 LM239A 

(Vt = +5.0Vpc) (Note 4) LM339 LM139 LM339A — LM139A 

Parameters Test Conditions Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Mijn. Typ. Max: Units 


Input Offset Voltage Ta = +25°C (Note 9) 


: HiN(+) Or Fin (—) with Output in 
Input Bias Current (Note 5) Linear Range, Ta = +25°C 


Input Offset Current HN(+) — HN(-), Ta = 428°C: 
Input Comman-Mode Voltage ° 

TA=+25°C 
Banat iNBte 6) 
Supply Current | RL =< on al! Comparators 

Ta =+25°C 


, RL > 15kQ, Ta = +25°C, 
Voltage Gain Vt =15 Vpc (To Support 
Large Vo Swing) 


Large Signat Response Time +1.4Vpc, VR, = 5.0Vpc. RL = 


ran Vp, = 5.0 Vpcand RL = 5.1 ko 

Response Time (Note 7) Tak 425°C . 
F Vin(—) 2 +1.0 Voc, VINt+) = 9, 

Output Sink Current and Vo < +1.5 Voc, Ta = +25°C 


Saturation Voltage 


a 


2.0 





I+ I+ 
oi Nn — 
oo] @ Ilo 
ia N 
o lo} 
m 


ad 
on) 


N 
a 


+5.0 3.0° +25 


+1.0 +2.0 
25 100 


vt_-15 








Vin = TTL Logic Swing, VREF = 


5.1k@ and Ta = +25°C 


Vin(—) 2 +1.0 Voc, VIN(+) = 
and Isink < 4.0 mA, Ta = +25° 


N 
uo 
LB 





Output Leakage Current 


Input Offset Voltage (Note 9) 
Input Offset Current TiN (+) — Vn) 








VIN(+) > +1.0 Voc, ViIn{—) = 
and Vg = 5.0 Voc, Ta = +25°C 


mcs 
Ocam 
a 
| 40 | 
| #160 _| 


eat 
i 


oO 





Input Bias Current 


Input Common-Mode Voltage 


Range 


Saturation Voltage 





Tyn(4) OF TtN(—) with Output in 
Linear Range 














VIN(—)  +1.0 Voc, VIN(+) = 0 
and lsink < 4.0mMA 


+ 





Output Leakage Current 











ViNn(+) > +1.0 Voc. Vin(—) = 9 
and Vg = 30Vpc 





Differen 
(Note 8) 








tial Input Voltage Keep all Vins = 0 Vpc (or V— if 
used) 


a 
bd 
o 
° 


For high temperature operation, the LM339/A must be derated based on a + 125°C maximum junction temperature and a thermal resistance of +175°C/W which 
applies for the device soldered in a printed circuit board, operating in a still air ambient. The LM239/A and LM139/A must be derated based on a + 150°C maximum 
junction temperature. The low bias dissipation and the ON-OFF characteristic of the outputs keeps the chip dissipation very small (Pd < 100mW), provided the 
output transistors are allowed to saturate. 


. Short circuits from the output to V* can cause excessive heating and eventual destruction. The maximum output current is approximately 20mA independent of the 


magnitude of Vt. 


. This input current will only exist when the voltage at any of the input leads is driven negative. it is due to the collector-base junction of the input PNP transistors 


becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action on the IC 
chip. This transistor action can cause the output voltages of the comparators to go to the V* voltage level (or to ground for a large overdrive) for the time duration 
that an input is driven negative. This is not destructive and normal outputs states will re-establish when the input voltage, which was negative, again returns to a 
value greater than —0.3 Voc. : 


. These specifications apply for V* = +5.0 Vp and ~55°C < Ta < + 125°C, unless otherwise stated. With the LM239/A all temperature specifications are limited to 


—25°C < Ty < +85°C and the LM339/A temperature specifications are limited to 0°C < Ta < +70°C. ‘ ; 


. The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of the output so no 


loading change exists on the reference or input lines. = 


. The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V, The upper end of the common-mode 


voltage range is V+ —1.5V, but either or both inputs can go to +30 Vp without damage. 


. The response time specified is for a 100mV input step with 5.0mV overdrive. 300ns can be achieved with larger overdrive signals, see typical performance 


characteristics section. 7 


. If the voltage applied to any input exceeds V*, all four comparator outputs will go to the high voltage level. The low input voltage state must not be less than —0.3 


_ Voc (or 0.3 Voc below the magnitude of the negative power supply, if used). 


, At output switch point, Vo = 1.4 Voc, Rg = 00 with V* from 5.0 Vpc; and over the full input common mode range (0 Vpg to V* 1.5 Vc). 
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LM139/239/339 + LM139A/239A/339A 


TYPICAL PERFORMANCE CHARACTERISTICS 


Supply Current 
5 


Vin (CM) * 














Input Current 


nee es 2 


Output Saturation Voltage 











I* — SUPPLY CURRENT — mA 
Iy — INPUT CURRENT — nApc 


as 25°C 


nee 














vt — SUPPLY VOLTAGE — Voc 


Response Time for 
Various Input Overdrives 
Negative Transition 


° [porovenoanessonv]| | | 
MLL 
ima : 


\ | 
|_| 


OUTPUT VOLTAGE — Vo(V) 





(aw) NI, — 39100 LNdNI 


APPLICATION HINTS 


The LM139/A is a high gain, wide bandwidth device; which like 
most comparators, can easily oscillate if the output lead is in- 
advertently allowed to capacitively couple to the inputs via stray 
capacitance. The oscillation shows up only during the output 
voltage transition intervals as the comparator changes states. 
Power supply bypassing is not required to solve this problem. 
Standard PC board layout is helpful as it reduces stray input-out- 
put coupling. Lowering the input resistors to<10kQ reduces the 
feedback signa! levels and finally, adding even a small amount 
(1 to 10 mV) of positive feedback (hysteresis) causes such a rapid 
transition that oscillations due to stray feedback are not possible. 

Simply socketing the {/C card attaching resistors to the pins will 
‘ cause input-output. oscillations during the small transition in- 
tervals unless hysteresis is used. If the input signal is a pulse 
waveform, with relatively fast rise and fall times, hysteresis is not 
required. 


All pins of any unused comparators should be grounded. 


The bias network of the LM139/A establishes a drain current 
which is independent of the magnitude of the power supply volt- 
age over the range of from 2Vpc¢ to 30 VDC. 


It is not normally necessary to use a bypass capacitor across $ the 
power supply line. 


aS 


Tp = 70°C—Ta = 125°C 


20 


vt — SUPPLY VOLTAGE — Voc 








Vg — SATURATION VOLTAGE — Dpc 





30 
Iq — OUTPUT SINK CURRENT — mA 


Response Time for 
Various Input Overdrives 
Positive Transition 


Parorovengaves roomy] [| 
FIN 
CNT 


5.0mV 


OUTPUT VOLTAGE — Vo{V) 








(aw) NIq — 39V110A LNdNi 


LIC-099 


The differential input voltage may be larger than V* without 
damaging the device. Protection should be provided to prevent 
the input voltages from going negative more than —0.3Vpc 
(at 25°C). An input clamp diode and input resistor can be used 
as shown in the applications section. 


The output of the LM139/A is the uncommitted collector of a 
grounded-emitter NPN output transistor. Several collectors can 
be tied together to provide an output OR’ing function. An output 
“pull-up’’ resistor can be connected to any available power 
supply voltage within the permitted supply voltage range and there 
is no restriction on this voltage due to the magnitude of the volt- 
age which is applied to the Vt terminal of the LM139/A pack- 
age. The output can also be used as a simple SPST switch to 
ground (when a “pull-up’’ resistor is not used). The amount of 
current which the output device can sink is limited by the drive 
available (which is independent of V+) and the 6 of this device. 
When the maximum current limit is reached (approximately 
16 mA), the output transistor will come out of saturation and the 
output voltage will rise very rapidly. The output saturation voltage 
is limited by the approximately 60Q rat of the output transistor. 


- The low offset voltage of the output transistor (1 mV) allows the 


output to clamp very neatly to ground level for small load 
currents. 





LM139/239/339 » LM139A/239A/339A 





TYPICAL APPLICATIONS 


(V* = 5.0Vpc) 


Squarewave Oscillator 


Vo 
FREQUENCY 
CONTROL O 
VOLTAGE 
INPUT 


vt=30Voc 
+250mV < Vo < +50Voc 
7OOHZ < fg < 100kHz 


LiC-103 Lic-104 


Non-Inverting Comparator 
Basic Comparator with Hysteresis 


Comparing Input Voltages 
of Opposite Polarity 


- 6-12 


CRYSTAL 
f = 100kHz 


Crystal Controlled Oscillator 


100kQ 


© OUTPUT 1 


© OUTPUT 2 


LIC-102 


LIC-105 


Inverting Comparator with Hysteresis 


Yo 
STROBE 
INPUT 
LIC-107 


*Or logic gate without pull-up resistor, 


Output Strobing 





LM139/239/339 »+ LM139A/239A/339A 


TYPICAL APPLICATIONS (Cont.) 
(Vt = 5.0Vpc) 


1/4 DMS4XX 


LIC-110 


Basic Comparator Driving TTL Driving CMOS 


+*VREF HIGH O 


*VREF LOW O 


LIC-111 


LIC-113 


(Vt = 15Vpc) 


9 vt(12V) 


2N2222 


ALL DIODES 
Vout =A*Bec 


LIC-112 


Limit Comparator Large Fan-In AND Gate 


el |e 1.0ms 
colou 
OVo 


0.001 pF 


LIC-114 


One-Shot Multivibrator , Remote Temperature Sensing 








LM139/239/339 - LM139A/239A/339A 


- TYPICAL APPLICATIONS (Cont.) 
(Vt = 15Vpc) 


+Vin O 


1.0us —| 


ie sav 
0 


100k2 


One-Shot Multivibrator with Input Lock Out 


vt 


i?) 


*For large ratios 
of R4/Ra, Dy can 
be omitted. 

LIC-116 
Pulse Generator 


40us —-| 


bo 


—- y+ 
oe 


LIC-115 


1 


_ UUC-117 


~ Bi-Stable Multivibrator 


METALLIZATION AND PAD LAYOUT 


INPUT 1+ 1 


14 INPUT 1- 
13 vt 





Bt 


ac 


INPUT 3- 4 


e 

ee. OUTPUT 1 
@2— 11 output 2 
G2 — 10 outputs 
@e— 9 outputs 








abe a 
= 
INPUT 3+ 5 [ 

INPUT 4— 6 


INPUT 4+ 


8 GND 


DIE SIZE 0.047” X 0.050” 
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Am685 


Voltage Comparator 





Distinctive Characteristics: 


e 6.5ns MAXIMUM PROPAGATION DELAY AT 5mV 
OVERDRIVE 


® 3.0ns Latch setup time 
® Complementary ECL outputs 
@ 5022 line driving capability 


FUNCTIONAL DESCRIPTION FUNCTIONAL DIAGRAM 


The: Am685 is a fast voltage comparator manufactured with an 

advanced bipolar NPN, Schottky diode high-frequency process that 

makes possible very short propagation delays (6.5 ns) without © DoOUTPUT 
sacrificing the excellent matching characteristics hitherto associated 
only with slow, high-performance linear IC’s. The circuit has differ- 
ential analog inputs and complementary logic outputs compatible 
with most forms of ECL. The output current capability is adequate 
for driving terminated 502 transmission lines. The low input offset 
and’ high resolution make this comparator especially suitable for 
high-speed precision analog-to-digital processing. 


O QOUTPUT 


A latch function is provided to allow the comparator to be usedina LIC-118 
sample-hold mode. If the Latch Enable input is HIGH, the com- 


parator functions normally. When the Latch Enable is driven LOW, The outputs are open emitters, therefore externa! pull- 


the comparator outputs are locked in their existing logical states. 
If the latch function is not used, the Latch Enable must be con- 
nected to ground. 


down resistors are required. These resistors may be in 
the range of 50—2002 connected to —2.0 V, or 200— 
20002 connected to —5.2 V. 


CIRCUIT DIAGRAM 





R93 
1.5kQ 




















NON-INV 
INPUT o 








INV oO 
INPUT 








LATCH 
ENABLE 











Rig Rig 
27kQ F11 - 
02 v- LIC. 119 











CONNECTION DIAGRAMS — Top Views 
H-10-1 Leadless Chip-Pak . D-16-1 


Metal Can 


GND #1 


eo: 
NON-INVERTING 
INPUT e. Q QO GoutPuT NONINVERTING 
input 
. INVERTING 
INVERTING @& Oo Y 0 OUTPUT " 
9 


INPUT 
NC 





ENABLE = 
vo LIC-120 LATCH ENABLE 


Note 1. On metal package, pin 5 is connected to case. 
On DIP, pin 8 is connected to case. 





Dual In-Line 


L-20-1 | 


z z 
& & 
a r 
2 20 
INVERTING 
iweut OS 





LIC-121 
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Am685 — 
MAXIMUM RATINGS (Above which the useful life may be impaired) 











Positive Supply Voltage +7V Operating Temperature Range 

Negative Supply Voltage -7V - Am685-L —30°C to +85°C 
Input Voltage +4V Am685-M —55°C to +125°C. 
Differential Input Voltage +6V. Storage Temperature Range —65°C to +150°C 
Output Current 30mA Lead Temperature (Soldering, 60 Sec.) , 300°C 
Power Dissipation (Note 2) 500mW Minimum Operating Voltage (Vt to V~) 9.7V 


ELECTRICAL CHARACTERISTICS OVER THE OPERATING TEMPERATURE RANGES (Unless Otherwise Specified) 


DC Characteristics Am685-L Am685-M 

Symbol Parameter (see definitions) Conditions (Note 3) Min, Max. Min. Max. Units 
+2.0 
+2.5 


Rg < 1002, Ty = 25°C -2.0 +2.0 mV 
Vos Input Offset Voltage Rs < 1002 -30 43.0 =" 
AVoac/AT Average Temperature Coefficient Re < 1002 +10 1 vec 
Os of Input Offset Voltage S : a 
Ta = 25°C -1.0 41.0 0 pA 
Input Offset Current 1.3 41.3 6 WA 
Ta =25°C 
Input Bias Current 


[TTapat Resistance tae SSCS 
eee aC 
psa [ 3] 
| so; 

















Input Capacitance (Note 1) Ta =25°C 
| CMRR | Common Mode Rejection Ratio Rg < 100 2, -3.3 < Voy < +3.3V 





















SVRR_ Supply Voltage Rejection Ratio Rs < 1002, AVsg = +5% 
Ta =25°C : 
Vou Output HIGH Voltage Ta = TA(min.) 











Ta = TA(max.) 
Ta =25°C 
TA = TA(min.) 
Ta = TaAlmax.) 






Output LOW Voltage 


Positive Supply Current 
- = Negative Supply Current 
| Ppiss | Power Dissipation 





















Tatmin.) < Ta < 25°C 
Input to Output HIGH Almin:) ge 

Ta = TAlmax.) 

T in.) <TaA<25°C 
Input to Output LOW atin) A 

Ta = Ta(max.) 
Latch Enable to Output HIGH Ta(min.) < Ta < 25 C 
(Note 4) TA = TA(max.) 


Latch Enable to Output LOW TA(min.) <TA<25C 


(Note 4) Ta = Ta(max.) 


Ta(min.) < Ta < 25°C 
TA = TA(max.) 


Minimum Hold Time (Note 4) Ta(min) < TA < TAa(max.) 


“Minimum Latch Enable Pulse Width | Ta(min.) < TA < 25°C 
(Note 4) Ta =Ta(max.) 


Notes: 1. For TO-99 only; CERDIP = 7pF. ; 

2. .For the metal can package, derate at 6.8mW/°C for operation at ambient temperatures above + 100°C; for the dual in-line package, derate at 9mW/°C for 
operation at ambient temperatures above + 105°C. ; 

3. Unless otherwise specitied V+ = 6.0V, V~ = —5.2V, V7 = —2.0V, and R,_ = 500; all switching characteristics are for a 100mV input step with 5mV overdrive. 
The specifications given for Vog, log, Ig, CMRR, SVRR, tpg+ and tog— apply over the full Voy range and for +5% supply voltages. The Am685 is designed to 
meet the specifications given in the tablé after thermal equilibrium has been established with a transverse air flow of 500 LFPM or greater. 

4. Owing to the difficult and critical nature of switching measurements involving the latch, these parameters cannot be tested in production. Engineering data 
indicates that at least 95% of the units will meet the specifications given. 6-16 








Minimum Set-up Time (Note 4) 











INPUT VOLTAGE ~ mv 


PROPAGATION DELAY — ns 


OUTPUT VOLTAGE — V 


PROPAGATION DELAY — ns 


PERFORMANCE CURVES 


Am685 


(Unless otherwise specified, standard conditions for all curves are Ta = 25°C, vt = 6.0V, V7 =-5.2V, 
VT =-2.0V, R= 502, and switching characteristics are for Vip = 100MV, Vog = SmV.) 


Response 
for Various 
Input Overdrives 











TIME —ns 


Propagation Delays 
as a Function of 
Input Overdrive 











OVERDRIVE — mv 


Response 
for Various 
Load Resistances 











Ry = 2008 
Vy = -2.0V 


Propagation Delays 
as a Function of 
Negative Supply Voltage 






























































2 
-4.6 -48 -50 -5.2 -54 -56 -58 
NEGATIVE SUPPLY VOLTAGE — V 


PROPAGATION DELAY —ns 


iNPUT VOLTAGE — mV 


PROPAGATION DELAY —ns 


OUTPUT VOLTAGE-V 


Response 
for Various 
Input Overdrives 




















Propagation Delays 
as a Function of 
Temperature 





n 
toa 
tod (E) 








~55-35 -15 5 25 45 65 85 105 125 
TEMPERATURE — °C 


Response 
for Various 
Load Resistances 














R, = 5002 
Vy =-5.2V 








Propagation Delays 
as a Function of 
Common Mode Voltage 
































-4 -3 -2 -1 0 1 
COMMON MODE VOLTAGE ~ Vv 
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A-39OVLIOA LAdLNO 


INPUT VOLTAGE 


PROPAGATION DELAY—ns 


PROPAGATION DELAY — ns 


2 
ttmV £10mV 4.1V 


Response 
for Various 
Input Signal Levels 


Q oOuTPUT 


A— JOVLIOA LAdLNO 











-1.8 
-20 2 4 6 8 10 12 14 16 18 


TIME —ns 


Propagation Delay 
as a Function of 
Input Signa! Level 


























+1.0V 
INPUT VOLTAGE 


Propagation Delays 
as a Function of 
Load Resistance 








100 200 8300 400 
LOAD RESISTANCE ~ 


Output Rise and Falt Times 
as a Function of 
Temperature 





























ie] 
-55-35-15 5 25 45 65 85 105125 


TEMPERATURE — °C Lic-124 








Am685 


VOLTAGE GAIN MIN. LATCH ENABLE PULSE WIDTH—ns SET-UP TIME — ns 


COMMON MODE LIMITS-V 





Set-up Time as a 
Function of Temperature 












































0 
-66-39-15 5 25 45 65 85 105 125 
TEMPERATURE — °C 


Min. Latch Enable 
Pulse Width as a 
Function of Temperature 





























0 
-55-35 -15 5 25 45 65 85 105 125 





4 


3. 


—4.0 


TEMPERATURE-°C 


Voltage Gain 
as a Function of 
Temperature 









































-55-35-15 5 25 45 65 85 105 125 
TEMPERATURE—°C 


Common Mode Limits 
as a Function of 
Temperature 


0 





5 









































65-35-15 5 25 45 65 85 105 125 
TEMPERATURE-°C 


PERFORMANCE CURVES (Cont.) 


(Unless otherwise specified, standard conditions for all curves are Ta = 25°C, vis 6.0V, V"=-5.2V, 
VT = -2.0V, Ry = 50Q, and switching characteristics are for Vin = 100MV, Vog = SMV.) 


MIN. LATCH ENABLE PULSE WIDTH—ns SET-UP TIME —ns 


VOLTAGE GAIN 





NEGATIVE COMMON MODE LIMIT-V 


Set-up Time as a 
Function of Input Overdrive 


























OVERDRIVE—mV 


Min. Latch Enable Pulse 
Width as a Function of 
Input Overdrive 














OVERDRIVE-mV 


Voltage Gain 
as a Function of 
Negative Supply Voltage 





























-46 -48 -5.0 -5.2 ~5.4 -56 -58 
NEGATIVE SUPPLY-VOLTAGE-V 


Negative Common Mode 
Limit as a Function of 
Negative Supply Voltage 






































—45 
-46 -48 -50 -52 -54 -56 -58 


NEGATIVE SUPPLY VOLTAGE-—V 
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COMMON MODE 
VOLTAGE-V 


OUTPUT VOLTAGE-V 


INPUT 
VOLTAGE-mvV 


VOLTAGE GAIN-dB 


POSITIVE COMMON MODE LIMIT-V 


~1.0 t— 


~-1.0 $+ 





Common Mode Pulse Response 


1.0 4 
fe} iu |--— be 














-1.2 





-1.4 t 

-16 +. 

-18 
0 
































20 40 60 80 100 
TIME-—ns 


Response to 
100 MHz Sine Wave 





























0 2 4 6 8 10 12 14 16 18 20 
TIME—ns 


Voltage Gain 
as a Function of 
Frequency 










































































1.0 10 100 1000 
FREQUENCY-MHz 


Positive Common Mode Limit 
as a Function of 
Positive Supply Voltage 
























































"64 656 58 60 62 64 66 
POSITIVE SUPPLY VOLTAGE-V 


LIC-125 


OUTPUT VOLTAGE-V 


SUPPLY CURRENT—mA 


INPUT RESISTANCE-k& 


Am685 
PERFORMANCE CURVES (Cont.) 


(Unless otherwise specified, standard conditions for all curves are Ta = 25°C, vt =6.0V, V7 =-5.2V, 
VT =-2.0V, R~ = 502, and switching characteristics are for Vin = 100MV, Vog = SmV.) 


Output Levels as a Output Levels As A Function Output Levels AsA 
Function of Temperature a Of Negative Supply Voltage Function Of DC Loading 


0.6 
—0.7 




















-0.8 






































OUTPUT VOLTAGE-—V 
OUTPUT VOLTAGE-V 












































































































































































































































INPUT BIAS CURRENT—2A 





















































































































































































































-2.0 a H 
~55-35-15 5 25 45 65 85 105 125 -46 -48 ~5.0 -5.2 -5.4 -56 -58 i¢) 4 8 12 16 20 24 28 32 
TEMPERATURE-°C NEGATIVE SUPPLY VOLTAGE-—V LOAD CURRENT—mA 
Supply Currents Supply Currents Supply Currents 
As A Function Of As A Function Of ' As A Function Of 
Temperature Negative Supply Voltage Positive Supply Voltage 
a4 < 
E E 
ru a 
2 2 
w Ww 
c c 
[oa c 
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Figure 1 


KEY TO TIMING DIAGRAM 


WAVEFORM INPUTS OUTPUTS 


MUST BE 
STEADY 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROM H TOL 


MAY CHANGE 
FROMH TOL 


WILL BE 
CHANGING 
FROMLTOH 


MAY CHANGE 
FROM LTOH 


DON’T CARE; 
ANY CHANGE 
PERMITTED 


CHANGING; 
STATE 
UNKNOWN 


The set-up and hold times are a measure of the time required for an input 
signal to propagate through the first stage of the comparator to reach the 
latching circuitry. Input signal changes occurring before t, will be detected 
and held; those occurring after tp, will not be detected. Changes between 
ts and th may or may not be detected. 


DEFINITION OF TERMS ~ 


Vos 


AVos/4T 


los 


LT} 
Rin 


Cin 


Vom 


CMRR 


SVRR 


VoH 


{NPUT OFFSET VOLTAGE — That voltage which must be 
applied between the two input terminals through two equal 
resistances to obtain zero voltage between the two outputs, 


AVERAGE TEMPERATURE COEFFICIENT OF INPUT OFF- 
SET VOLTAGE — The ratio of the change in input offset 
voltage over the operating temperature range to the temperature 
range. 





Poiss 


POWER DISSIPATION ~— The power dissipated by the com- 
Parator with both outputs terminated in 502 to -2.0V. 


SWITCHING TERMS (refer to Fig. 1) 


tod+ 


tod- 


INPUT OFFSET CURRENT — The difference between the 


currents into the two input terminals when there is zero voltage 
between the two outputs. 


INPUT BIAS CURRENT — The average of the two input currents. 


_ INPUT RESISTANCE — The resistance looking into either input 


terminal with the other grounded. 


INPUT CAPACITANCE — The capacitance looking into either 
input terminal with the other grounded. 

INPUT VOLTAGE RANGE — The range of voltages on the 
input terminals for which the offset and propagation delay 
specifications apply. 

COMMON MODE REJECTION RATIO — The ratio of the input 
voltage range to the peak-to-peak change in input offset voltage 
over this range. 

SUPPLY VOLTAGE REJECTION RATIO — The ratio of the 
change in input offset voltage to the change in power supply 
voltages producing it. 


OUTPUT HIGH VOLTAGE — The logic HIGH output voltage 
with an external pull-down resistor returned to a negative supply. 


" OUTPUT LOW VOLTAGE — The logic LOW output voltage 


with an external pull-down resistor returned to a negative supply. 
POSITIVE SUPPLY CURRENT — The current required from the 
positive supply to operate the comparator. 


NEGATIVE SUPPLY CURRENT — The current required from 
the negative supply to operate the comparator. 


tod+(E) 


tpd-(E) 


th 


tpwiE) 


INPUT TO OUTPUT HIGH DELAY — The propagation delay 
measured from the time the input signal crosses the input offset 
voltage to the 50% point of an output LOW to HIGH transition. 


INPUT TO OUTPUT LOW DELAY — The propagation delay 
measured from the time the input signal crosses the input offset 
voltage to the 50% point of an output HIGH to LOW transition. 


LATCH ENABLE TO OUTPUT HIGH DELAY — The Propaga- 
tion delay measured from the 50% point of the Latch Enable 
signat LOW to HIGH transition to the 50% point of an output 
LOW to HIGH transition. 


LATCH ENABLE TO OUTPUT LOW DELAY — The propaga- 
tion delay measured from the 50% point of the Latch Enable 
signal LOW to HIGH transition to the 50% point of an output 
HIGH to LOW transition. 


MINIMUM SET-UP TIME — The minimum time before the 
negative transition of the Latch Enable signa! that an input 
signal change must be present in order to be acquired and held 
at the outputs. : ‘ 

MINIMUM HOLD TIME — The minimum time after the negative 
transition of the Latch Enable signal that the input signal mus: 
remain unchanged in order to be acquired and held at the outputs 
MINIMUM LATCH ENABLE PULSE WIDTH — The minimun 


time that the Latch Enable signal must be HIGH in order t 
acquire and hold an input signa! change. 


OTHER SYMBOLS 


Ta Ambient temperature 
Rs Input source resistance 


Vy Output load terminating voltag 
R,_ Output load resistance 


Vs Supply voltages Vin tnput pulse amplitude 
V™ Positive supply voltage Vog Input overdrive 
V- Negative supply voltage f Frequency 
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MEASUREMENT OF PROPAGATION DELAY 


A voltage comparator must be able to respond to input signal levels ranging from a few millivolts to several volts, ideally with little 
variation in propagation delay. The most difficult condition is where the comparator has been driven hard into one state by a large signal, 
and the next input signal is just barely enough to make it switch to the other state. This forces the input stage of the circuit to swing 
from a full off (or on) state to a point somewhere near the center of its linear range, thus exercising both its large- and small-signal 
responses. If the comparator is fast for this condition, it should be as fast or faster for almost any other condition. The unofficial 
industry standard input signa! is a 100mV step with an overdrive of 5mV (the overdrive is the voltage in excess of that needed to bring 
the output to the center of its dynamic range). The 100mV is more than enough to fully turn on the input stage, but not so large to make 
measurement a problem. Large pulses would require exceptionally good contro! on waveform purity, since only a few tenths of a 
percent of overshoot or ripple would be enough to affect the value of the overdrive and, for sensitive comparators, result in false 
switching. The propagation delay is measured from the time the input signal crosses the input threshold voltage (i.e., the offset voltage) 
to the 50% point of either output. This definition ensures that each unit is measured under equal conditions, and also makes the 
measurement relatively independent of the input rise and fall times. 
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The test circuit of Figure 2 provides a means of automatically nulling out the offset voltage and applying the overdrive. With S1 in the 
“NULL” position, the feedback loop around the Am685 via the two operational amplifiers corrects for the offset of the circuit including 
any dc shift in the ground level of the input signal. When switched to “TEST”, the offset is held on the storage capacitor of the Am216A 
and the overdrive is added at the Am216A non-inverting input. The duty cycle of the signal is made tow so that the presence of the input 
pulse during nulling will not disturb the offset. A solid ground plane is used for the test jig, and capacitors bypass the supply voltages. 
All power and signal leads are kept as short as possible. The Am685 input and output run directly into the 502 inputs of the sampling 
scope via equal. lengths of 502 coaxial cable. For the conditions shown in the figure, tpg+ is measured at the Q output and tpq_. at the 
Q output. If it is desired to measure the opposite output polarities, the polarities of the input signa! and overdrive must be reversed. 


THERMAL CONSIDERATIONS 


To achieve the high speed of the Am685, a certain amount of power must be dissipated as heat. This increases the temperature of the 
die relative to the ambient temperature. In order to be compatible with ECL Ill and ECL 10,000, which normally use air flow as a means 
of package cooling, the Am685 characteristics are specified when the device has an air flow across the package of 500 linear feet per 
minute or greater. Thus, even though different ECL circuits on a printed circuit board may have different power dissipations, all wil! have 
the same input and output levels, etc., provided each sees the same air flow and air temperature. This eases design, since the only change: 
in characteristics between devices is due to the increase in ambient temperature of the air passing over the devices. If the Am685 is oper- 
ated without air flow, the change in electrical characteristics due to the increased die temperature must be taken into account. 


INTERCONNECTION TECHNIQUES 


Alt high-speed ECL circuits require that special precautions be taken for optimum system performance. The Am685 is particularly 
critical because it features very high gain (60dB) at very high frequencies (100MHz). A ground plane must be provided for a good, low 
inductance, ground current return path. The impedance at the inputs should be as low as possible and lead lengths as short as practical. 
[It is preferable to solder the device directly to the printed circuit board instead of using a socket. Open wiring on the outputs should be 
limited to less than one'inch, since severe ringing occurs beyond this length. For longer lengths, the printed-circuit interconnections be- 
come microstrip transmission lines when backed up by a ground plane, with a characteristic impedance of 50 to 1502. Reflections will 
occur unless the fine is terminated in its characteristic impedance. The termination resistors normally go to -2:0V, but a Thevenin 
equivalent to V7 can be used at some increase in power. Best results are usually obtained with the terminating resistor at the end of the 
driven line. The lower impedance lines are more suitable for driving capacitive loads. The supply voltages should be well decoupled with 
RF capacitors connected to the ground plane as close to the device supply pins as possible. ; 
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ORDERING INFORMATION* 
Part Package Temperature Order HOMMVERTING 
Number Type Range ' Number 2 
Am685 Metal Can —30 to +85°C AM685HL 
Hermetic DIP —30 to +85°C AM685DL INVERTING 
Am685 Metal Can —55 to +125°C AM685HM 
Hermetic DIP -55 to +125°C AM685DM 
Dice —30 to +85°C AM685XL 
HmnBes Dice -55to +125°C  AM685XM re 
ENABLE 
Am685 Leadless —30 to +85°C AM685LL 
Leadless —55 to +125°C AM685LM 
Soe AO OP Te POP Ea aS Se OR IE ee eee . 5 
*Also available with burn-in processing. To order add suffixB . re 


to part number. 
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DIE SIZE: 0.032” X 0.054" 


A New High-Speed 
Comparator the Am685 


By Jim Giles and Alan Seales 





INTRODUCTION 


Modern electronic systems require more and more that 
operations be performed in a few nanoseconds so that the 
delay of the complete system, which may be very complex, be 
held to a. minimum. There are abundant logic circuit elements 
available that meet this criterion: gold-doped TTL, Schottky 
TTL, and emitter-coupled logic (ECL), 
order of propagation delay. Where it is necessary to interface 
from the analog world to the input of a logic system, or to 
detect very low-level logic signals in the presence of heavy 
noise, a high-speed precision comparator is needed. If such a 
comparator had a propagation delay less than 10ns, it could 
replace costly and complex circuitry that designers are now 
forced to use in very high-speed analog-to-digital converters, 
data acquisition systems, and optical isolators, as well as make 


possible many applications hitherto considered unfeasible. It _ 


could also be used as a sensitive line receiver or sense amplifier, 
in 100MHz sample and hold circuits, and in very high- 
frequency voltage-controlled oscillators. 


The basic requirements for a high-speed precision comparator 
are few and well-defined: good resolution (high gain), high 
common-mode and differential voltage ranges, outputs com- 
patible with standard logic levels, and, above all, very fast 
response to signal levels ranging from a few millivolts to several 
volts. The industry workhorse, the 710, has come close to 
meeting these requirements, and except for the most demand- 
ing applications, its 40ns propagation delay is adequate. A 
survey of presently available monolithic IC comparators 
(Table 1) shows that there is really none that meets the 
-requirements of very high-speed systems. The newer TTL-out- 
put circuits offer only marginal improvement over the 710 
when measured under identical conditions of large input pulse 
and small overdrive, and the ECL-output comparator, although 
faster, has such poor resolution that it can be used only for 
large input signals. Advanced Micro Devices felt there was a 
need for a family of linear devices to fill the needs of very 
high-speed systems, with the first circuit being a precision 
comparator with less than 10ns delay. 


Propagation 
Delay 


Logic 


P Resolution 
Family 


Am111 
pA710 


0.012mV 
1.4mV 
0.06mV 
0.5mV 
0.5mV 
30mV 


Am106 
pA760 
NE527/529 
MC1650 


Table t: Propagation Delays of Available Monolithic IC 


Comparators (100mV Input Step, 5mV Overdrive) 


DESIGN OBJECTIVES 


In order to achieve the ultimate in speed, it is clear that the 
comparator outputs must be compatible with ECL, even 
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listed in descending» 





though at present the majority of systems use TTL. Designers 
striving for the highest possible speed will already be using 
ECL in the critical circuit areas of their systems to squeeze the 
last possible nanosecond out of the overall! delay. Further, an 
ECL circuit requires only one-third the gain of an equivalent 
TTL circuit for the same resolution owing to its smaller output 
logic swing. This means that lower impedances can be used and 
consequently larger bandwidth realized for the same power 
dissipation. Also, there is nq problem interfacing the linear 
input stages with the digital output gate since an ECL gate is 
basically a non-saturating overdriven differential amplifier. 
Properly driving a TTL gate from a linear amplifier is more 
difficult, however, because it requires a large voltage swing 
suitably biased to track the input logic threshold with 
temperature, plus a large peak negative current capability to 
turn off the gate with minimum delay. 


The usefulness and versatility of a comparator can be 
enhanced by adding a strobe or latch function to the circuit. A 
strobe simply forces the output of the comparator to one 
fixed state, independent of input signal conditions, whereas a 
latch locks the output in the logical state it was in at the 
instant the latch was enabled. The latch can thus perform a 
sample and hold function, allowing short input signals to be 
detected and held for further processing. If the latch is 
designed to operate directly upon the input stage—so the signal 
does not suffer any additional delays through the 
comparator—signals only a few nanoseconds wide can be 
acquired and held. A latch, therefore, provides a more useful 
function than a strobe for very high-speed processing. 


The most difficult input signal for a comparator to respond to 
is a large amplitude pulse that just barely exceeds the input 
threshold. This forces the input stage of the comparator to 
swing from a full off (or on) state to a point somewhere near 
the center of its linear range. This exercises both the large-and 
small-signal responses of the stage. !f the comparator has less 
than 10ns delay under these stringent conditions, then it 
should be as fast or faster for any other circumstances (see 
Figure 1). The industry standard measurement is with a 
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Response to step input signals at output of 
a differential amplifier 


Figure 1. 
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100mV input pulse and an overdrive 5mV above input 
threshold (this was used for the delays given in Table 1). Pulses 
larger than 100mV might be used, but this would multiply 
measurement difficulties, since only a few tenths of a percent 
aberration or ripple in the pulse generator waveform would be 
enough to seriously affect the accuracy of the small overdrive, 
and thus would give misleading results for the propagation 
delay. te ' 


To obtain satisfactory speed for all input signals and particu- 
larly for the worst case measurement conditions, the input 
stage of the comparator must have: 1) wide small-signal 
bandwidth, 2) high slew rate for large signals, 3) minimum 
voltage swings, and 4) high gain. The first requirement can be 
realized by using low-value load resistors, by making every 


effort in circuit design, device geometry and processing to ° 


minimize parasitic capacitances, and by using transistors with 
the highest fy possible. The second item calls for high 


operating currents as well as minimum capacitance. The last 


two requirements are conflicting, since obtaining high gain 
normally requires a large voltage swing; therefore some means 
of clamping the swing must be used that does not degrade the 
propagation delay. 


The overall gain of the complete comparator must also be high 
because, as illustrated in Figure 1, the propagation delay is less 
if each stage is well overdriven. To ensure that most of the 
input overdrive signal is actually used for overdriving, and not 
consumed in just moving the output from one state to the 
other, the gain error should be no more than about 10% of the 
input overdrive. Therefore, for a SmV overdrive and an ECL 
output swing of 800mV, the minimum gain must be 1600. It is 
not practical to strive for much higher gain than this because 
the small-signal rise time begins to suffer as the stage gain 
increases. Addition of another stage is undesirable as this also 
adds delay and increases circuit ‘complexity. It must be 
remembered that there is a maximum limit on power 
dissipation that a single integrated circuit package can handle 
adequately, and this consideration must influence the choice 
of operating currents and impedance levels throughout the 
design of the circuit. : 


With a figure for the total gain required, it is now possible to 
determine the number of stages and the gain per stage. Since 
the output stage must be ECL-compatible, its design is fixed, 
giving a differential-input to single-ended-output gain of about 
6. This leaves a differential gain of 270 to be provided by the 
remainder of the comparator. This is most efficiently divided 
between two stages, each with a gain somewhat over 16. Both 
stages should be identical, since minimum overall delay time is 
obtained when identical stages are cascaded. 


A factor not yet discussed that affects the accuracy of the 
comparator is its input offset voltage. Unless this is trimmed 
out initially, it must be added to the overdrive in determining 
the worse-case value of input signal for which the propagation 
delay specifications will be met. Even with trimming, the 
temperature drift of high-offset units is typically much greater 
than that of low-offset units. Therefore, it is desirable to have 
low initial offset so that trimming is not necessary, and so that 
the offset temperature coefficient will be good. Also affecting 
the offset voltage and its drift at higher source resistances are 
the input currents. To keep this contribution to the total 
offset low requires high current gains in the input transistors. 
Therefore, obtaining offsets in the 1—2mV range requires close 
attention to circuit design, mask layout, and very tight process 
control (equivalent to that needed for the high-performance, 


{ 


low-frequency operational amplifiers), but with the added 
kicker of fs well above 1GHz. 


As was mentioned, large common-mode and differential 
voltage ranges are desirable features of a comparator. The 
limits of the common-mode range in a well-designed circuit 
should be close to the supply voltages. Since a high-speed 
comparator will, of necessity, operate at fairly high current 
levels, the supply voltages must be low to stay within the 
package power dissipation timits. As a minimum, the common- 
mode range should be equal to or exceed the differential 
voltage range to take full advantage of the voltage breakdown 
characteristics of the input transistors. The basic differential 
amplifier input stage has a differential voltage breakdown in 
the range of 5 to 6 volts; the design goal for the common 
mode range should thus be at least +3 volts. 


In summary, the design objectives for a high-speed precision 
comparator are as follows: 


1) propagation delay <10ns measured at 100mV input 
step, 5mV overdrive 

2) ECL-compatible outputs 

3) latch capability 

4) gain >1600 

5) input offset voltage <t2mV 

6) common -mode range >+3V 


CIRCUIT DESIGN 


The watchword in designing wideband circuits is simplicity 
— have the fewest possible active devices in the signal path, the 
lowest possible impedance levels, and the lowest possible 
capacitance. The simple, common-emitter differential ampli- 
fier can be designed to approach these ideals with one major 
exception: the deleterious shunting effect of the collector-to- 
base capacitance upon the driving source resistance is multi- 
plied by’ the voltage gain of the stage (Miller effect). Even 
though the impedance levels will be only a few hundred ohms 
at most, this condition cannot be tolerated if maximum speed 
is to be achieved. The solution is to add an additional pair of 
common-base transistors to form a differential cascode ampli- 
fier (Figure 2). This circuit has all of the performance features 
of a common-emitter amplifier and no feedback capacitance. 


OUTPUT 1 © O OUTPUT 2 
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Figure 2. Differential cascode amplifier 
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Further advantages of the cascode will become apparent later 
when the latch design is discussed. The only drawback is that 
there are more devices in the.signal path, the positive 
common-mode range is reduced, and circuitry has to be 
provided to bias the cascode transistors. 


It is now necessary to provide a means of shifting the signal! at 
the output of the cascode (which is very near the positive 
supply voltage) down to a lower voltage to drive the inputs of 
the second stage. The use of PNPs is definitely out because of 
their poor frequency response. This leaves three possibilities: a 
chain of forward-biased diodes, a programmed voltage drop 
across a resistor, or a zener diode. The diode chain is useful for 
level shifts of only a few volts at most, above that, the number 
of diodes gets too large, with a consequent increase in shunt 
capacitance and temperature coefficient. The use of a current- 
source/resistor combination is in the wrong direction for 
keeping impedance levels low. The resistors could be bypassed 
with capacitors, but this would offer only marginal improve- 
ment, since integrated capacitors have a large shunt compo- 
nent to the substrate. Besides, the addition of four capacitors 
(for both stages) would result in a large increase in chip area. 


The zener diode is definitely superior for high-frequency 
applications because its shunt capacitance to ground is low, 
being equal to the collector-to-base capacitance of a transistor. 
It has no capacitance to the substrate, and its dynamic 
resistance is quite low. It does have the disadvantage that the 
level shift is limited to one voltage (6V), which restricts the 


"range of power supply variation the circuit can tolerate. In 


addition it requires very tight control of the manufacturing 
process to maintain the matching required. For an input stage 
gain of 16 the zener voltages have to be matched to better 
than 0.25% to produce less than 1mV offset voltage at the 
input. . 


As shown in Figure 3, the zeners are buffered from the 
cascode collectors by emitter followers. The pulldown current 
through the zener-follower combination must be made large 
enough to discharge the node capacitance when the follower 
swings in the negative direction. The minimum value necessary 
is determined by the node capacitance, the signal swing, and 
the amount of delay. that can be tolerated. The amount of 
signal swing can be reduced by adding clamping diodes across 
the collectors of the cascode. Regular diode-connected transis- 
tors could be used, but would add considerable collector-to- 
substrate capacitance across the load resistors as well as 
base-to-emitter capacitance between them. Schottky diodes, 
on the other hand, require little additional chip area, and are 
very fast. With clamping, some of the common-mode range 
lost when the cascode was added can be regained because the 
cascode transistors can be biased closer to the positive supply 
without fear of going into saturation at the extremes of the 


signal swing. The use of Schottky diodes, however, puts a few. 


more gray hairs on the head of the process engineer since he 
has to control another set of characteristics without affecting 
the other parameters. The circuit values given in Figure 3 are 
designed for a minimum differential gain of 16, and a 
minimum negative-going slew rate at the output of the 
level-shifter of 1000V/us. 


As mentioned earlier the design of the output stage (Figure 4) 
can vary little from that of a standard- ECL gate. The 
output emitter followers have to be !arge enough to handle 
loading by a 502 transmission line (25mA), yet small enough 
not to add a lot of capacitance that would slow down the 
response. Therefore, the transistor design must be as efficierit 
as possible with regard to physical size and current-carrying 
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Figure 3. Basic cascode gain stage 


capacity. Since the input common-mode level to the gate 
varies with changes in the power supplies and resistor 
tolerance, a current source is used to supply the emitters of 
the gate, rather than the usual resistor to the negative supply. 
The design of this current source must be such as to provide 
the correct logical ‘’1’’ and ’0” levels at the output and the 
proper variation with temperature and power supply changes. 
The propagation delays to either output of this gate will be 
equal, whereas they are slightly different in a standard ECL 
gate owing to the additional capacitive loading on the O 
output caused by the multiple input transistors. 





Implementation of the latch function must be accomplished 
without interfering with the normal comparator operation or 
degrading the speed in any way. It must be as close to the 
input as possible to permit short input signals to be acquired 
and held. One simp!e method of adding a latch to a differential 


GQ oOuTPUT O O 0 OUTPUT 
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Figure 4. Output gate 
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amplifier is shown in Figure 5. A pair of transistors, Q5 and 
Qg, are cross-coupled at the collectors of the input transistors, 
Q, and Q5. The current source I9 is switched on when it is 
desired to enable the latch. If Ig is greater than |7, the positive 
feedback via O5 and Og will hold the circuit in whatever state 
it was in when the latch was turned on. 


The simple circuit of Figure 5 is not the best for speed because 
of the added capacitance of O5 and Og and the fact that they 
OUTPUT 1 © © OUTPUT 2 can saturate unless the signal swings are very small. However, it 
can be adapted to the cascode stage quite nicely as illustrated 
in Figure 6. Drive for the positive feedback transistors is taken 
from the fevel shifters, and the collectors go to the emitters of 
the cascode. With this arrangement there is no significant 
capacitive loading on the gain stage at all. The current source is 
switched by another differential amplifier, Qg—Qy0, refer- 
enced to the ECL logic threshold voltage. This provides the 
correct input levels for the Latch Enable being driven from a 
standard ECL gate as well as being very fast, since only 
currents are being switched. : 

LATCH » 
uae The latch current source (I2) must be about 1mA greater than 
the input current source (I+) to ensure positive latching for 
any condition of input signal. Thus, for 5mA in the input 
stage, at least GmA must be used to power the latch. This 
amounts to a lot of power consumed for a function that some 
users may never even need. However, there is a way to cut the 
latch standby power down to zero; this is accomplished by the 
addition of Q7 and Qg, as shown in Figure 8. 
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To understand the function of these transistors, first refer to 
Figure 7. The differential voltage appearing across the emitters 
of the cascode transistors is equal to the input signal (for small! 
input signals). This is because the currents through the lower 
pair of transistors in the cascode are equal to the correspond- 
ing currents through the upper pair, and the transistors are 
matched; therefore the differences in base-emitter voltages 
must be equal. Thus, Q7 and Og function as if they were 


2.5mA 


OUTPUT 10 © OUTPUT 2 


OUTPUT tO © OUTPUT 2 





6 LATCH 
ENABLE 
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Figure 6. Cascode with latch Figure 7. Cascode with “parallel’’ transistors 
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Figure 8. Complete input cascode stage with latch 


simply connected in parallel with Q41 and Q2, as far as the net 
effect at the collector load resistors is concerned. To obtain 
the desired total stage gain, the current 11 can be 2mA and 13 
can be 3mA. 
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Now refer to Figure 8. With the latch enable HIGH, Qg will 
be switched on and the 3mA current source will be supplied to 
the parallel transistors, Q7—Qg. The comparator functions 
normally, and no current is used up.in the latch. When the 
latch enable goes LOW, !2 will be switched through Q749 to the 
positive feedback transistors, robbing 3mA from the gain stage 
and giving it to the latch. The latch current is now 1mA 
greater than the input stage current, but the total current 
required is still only 5mA. As with the latch transistors, the 
collectors of the parallel transistors are connected to the 
emitters of the cascode, so no additional capacitance is added 
across the load resistors. This places the requirement on Q7 
and Og that they maintain their high fT at zero collector-to- 
base voltage. 


The use of the parallel transistors has the added bonus that the 
input bias currents are decreased by more than a factor of two, 
thus reducing their influence on the offset voltage. The 
penalty paid is that all three pairs of junctions (Q4—Q9, 
Q3-—Q4 and Q7—Qg) add equally to the input offset. Once 
again, the processing must be carefully controlled to keep the 
overall offset within the 2mV goal. 


The complete circuit of the comparator is given in Figure 9. It” 
includes some additional refinements as well as the DC biasing. 
The drive for the latching transistors is taken from the emitters 
of the second cascode rather than from the level-shifting 
zeners. This removes their input capacitance from the level 
shifter and also ensures that Q79 cannot saturate. A resistor 
(Rg) is included to center the common-mode voltage at the 
input to the gate within its dynamic range; this. prevents 
saturation of the gate or its current source over the expected 
range of signa! swing, temperature drift and supply voltage 
variations. A separate ground is used for the output emitter 
followers so that heavy loading at the output will not couple 
back into the remainder of the circuit. The DC bias chain for 
the current sources is referenced to ground and the negative 
supply, so the output logic levels wil! track those of other ECL 
circuits connected to the same negative supply. The current 
sources are designed to stay constant with temperature, which 
keeps the open-loop gain high at elevated temperatures 
(>1000 at +125°C), and thus helps to maintain good 
propagation delay. 
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Figure 9. Complete schematic of the Am685 comparator 
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A New High-Speed Comparator. 


PROCESS TECHNOLOGY 


Circuit design requirements for high speed and a latch function 
result in an input structure that has three pairs of transistors, 
the matching of- which determines the offset voltage. This 
dictates that the matching of Vge shall be extremely good 
between the transistors in each pair in order to meet the 2mV 
maximum offset voltage target. For the speeds necessary the 
transistor f7 has to be in the region above 1 GHz, so high-fre- 
quency performance can not be compromised. The slew rate 
of the input stage has to be very high for acceptable response 
with large input signals. This is achieved by high operating 
current and low stray capacitances. It is very desirable to keep 
both the input bias current and the input offset current very 
low so that the impedances in the source voltages do not 
introduce intolerable input voltage errors. It would be possible 
to use a Darlington-connected input stage to achieve these low 


currents, but the penalty exacted in offset voltage, offset - 


voltage drift, and propagation delay is unacceptable, so high 
current-gain transistors that match extremely well are needed. 
The problems are thus centered on achieving very well- 
matched transistors with high beta and high fy. 


As previously mentioned, it is desirable in a comparator to 
have a wide common-mode voltage range and high power- 
supply rejection ratio. This is facilitated by using Schottky 
diodes to clamp the collector-to-collector swings in the first 
two stages. Schottky diodes can be fabricated simply by 
making a window in the oxide over the N-type epitaxial layer 
and using the same evaporated aluminum as is used for the 
interconnects (see Figure 10). The contact potential between 
silicon and aluminum causes a potential barrier to the flow of 
electrons. Making the metal positive lowers this barrier, 
allowing electrons to pass over it by virtue of their thermal 
energy. This process is essentially the same as thermionic 
emission. Since these electrons are majority carriers, Schottky 
diodes show extremely fast turn-off characteristics, desirable 
in this application. Why the Schottky diode is so attractive is 
that the forward voltage necessary to produce a given current 
may be several hundred millivolts less than that required to 
produce the same current in a p-n junction diode of about the 
same size. It can thus be used as a “clamp” to prevent a 
bipolar transistor from saturating, when connected from 
collector to base so as to prevent the forward voltage of the 
collector-base diode from rising to a level sufficient to cause 
appreciable current flow in the collector-base diode. This is the 
common application in Schottky TTL circuits. 


In the ECL comparator the use is different. Here they are used 
back-to-back to limit the differential voltage swings between 
the collectors in both the first and the second stages. 
Connected in this way the reverse voltage. seen by one 
Schottky diode is equal to the forward voltage drop of the 
other diode. Because this voltage is so small reverse leakage is 
not a great problem. In the simple Schottky diode structure, as 
described above, the reverse leakage is high. Most of this 
leakage current is generated at the perimeter of the metal, 
where there is an electric field concentration. tn order to 
reduce this field the metal is extended all around the opening 
in the oxide, overlaying this oxide. Spacing the metal from the 
silicon in this way reduces the field and hence the leakage. In 
applications where low leakage is critical, the use of a P+ guard 
ring is called for, but this carries with it extra capacitance, so 


in view of the fact that the reverse voltage is so low the guard _ 


ring technique was discarded for this application. Even so, the 
diodes used in the comparator have low leakage characteristics 
with a breakdown at about 45V. 


6-28 





BASE EMITTER, BASE 
CONTACT CONTACT 
! 


COLLECTOR 


_- SCHOTTKY 
CONTACT CONTACT 7" "DIODE 


EPITAXIAL 
MATERIAL 


N* BURIED LAYER 


P+ 
ISOLATION 


Pt 
ISOLATION 


P SUBSTRATE 


LIC-162 
Figure 10. Cross section of transistor and Schottky 
diode showing sinker and P+ base contact 
enhancement 


At the very high speeds being considered, much effort has to 
go into reducing capacitances and resistarices. Thinning down 
the epitaxial layer to the minimum required to sustain the 
voltages encountered is of benefit in two ways: 1) the 
cotlector-isolation sidewall area is reduced, lowering the 
collector-to-substrate capacitance; 2) the collector-series resist- 
ance is reduced. The two major contributions to collector- | 
series resistance are the resistance of the epitaxial material 
between the emitter and the buried N+ layer, and the 
resistance of the epitaxial layer between the collector contact 
and the buried layer. However, the first resistance is subject to 
reduction by conductivity modulation during operation of the 


. device and thus is less important than the second term. The 


second term can be made very small by using a “sinker”, 
which is a high concentration N-type diffusion from the 
surface, through the epitaxial layer, to the buried N+ layer. 
Contact to the collector is then made to the surface of the 
sinker. (see Figure 10) , 


Collector-to-base capacitance is held low by using very small 
dimensions and by using a relatively high epitaxial layer 
resistivity. The latter also serves to reduce the collector-to- 
substrate capacitance. A further reduction in collector-to-base 
capacitance results from using a shallow, high sheet-resistivity 
diffusion for the base. However, this raises the base resistance, 
both because the bulk resistance from the contact to the active 
base region is increased and because the specific contact 
resistance is increased. These resistances may be reduced by 
depositing P+ regions under the base contact areas after the 
main base diffusion. 


A compromise has to be made in selecting emitter width. 
Large emitters are desirable for VBE matching, but very small 
emitters are essential for high fT. A stripe emitter, .25-mil 
wide and 1-mil.long, was chosen as optimum. A difference 
in width, between two otherwise identical. emitters, of 
.01-mi! will be sufficient to cause an offset voltage of 1 mV. 
From this, it can be seen that the photolithography must be 
extremely carefully controlled, since the offset voltages of 
three pairs of transistors are summed to give the total offset of 
the comparator. Because the emitters are so narrow the normal 
procedure of making a contact cut inside of the emitter cannot 
be used. Instead, the emitter oxide is simply dissolved in 
hydrofluoric acid immediately before the aluminum evapora- - 
tion in order to expose the emitter. As a consequence, the 
lateral distance between the metal and the emitter-base 
junction is very small, being equal to the lateral diffusion of 
the emitter. This means that the sintering process must be 
carried out at a temperature lower than is customary in linear 
circuit manufacture in order to avoid short-circuiting the 


emitter-base junction by lateral migration of aluminum. An 
additional reason for lowering the sintering temperature is to 
avoid penetration of aluminum down through the emitter and 
base, causing emitter-to-collector shorts. 


The requirement for high current gain, for !ow input bias 
currents, necessitates narrow base widths. Emitter-to-collector 
shorts can be a problem in these shallow, narrow-base 
structures. The probability of shorting can be minimized by 
careful cleaning procedures and by proper emitter. doping 
levels. Keeping the emitter doping level low also reduces the 
magnitude of the “emitter dip’’ effect, whereby the diffusion 
coefficient of the boron in the region under the emitter is 
greatly increased by the lattice strain caused by the emitter, 
resulting in the running-on of the base under the emitter, 
making it very difficult to achieve a narrow base width. 


An area that is neglected in digital circuit processing, because 
high beta is not necessary, but which is of major importance in 
linear processing, is the control of surface conditions. If high 
current gains are to be realized, both the surface area of the 
emitter-base-depletion region and the surfacé recombination 
velocity must be minimized. The former implies that ionic 
contamination, such as sodium ions, must be eliminated and 
that the surface state charge density, Oss, should be made as 
low as possible. The surface recombination velocity is propor- 
tional to the fast surface state density and so can be minimized 
by making this density very low. These three goals; low ionic 
contamination, low Qss and low fast surface state density are 
achieved, by using the well known techniques of MOS and 
linear circuit processing, such as annealing in an inert 
atmosphere and proper choice of sintering cycle. 


In the interests of minimum capacitance, the metal inter- 
connects are designed to be narrower than is usual in linear 
circuits. Special etching techniques have to be employed in 
order to reproduce these narrow lines reliably. These lines can 
be seen in the photomicrograph of Figure 11. 





Figure 11. Photomicrograph of the Am685 comparator 


PERFORMANCE 


The primary design objective for the comparator was to obtain 
under 10ns propagation delay for large input signals with small 
overdrive. It should then be as fast or faster for any other 
input conditions. The performance of the Am685 compara- 
tor for a 100mV step input at various overdrives is shown in 
Figures 12 and 13. The propagation delay is measured from 
the time the input step crosses the input threshold voltage to 
the time the output crosses the fogic threshold voltage. The 
input threshold voltage (i.e., the offset voltage) was adjusted 
for the figures so that the delay can be simply measured by 
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Figure 12. Tpd —''1” for 100mV step input and various 
overdrives (input = 5mV/cm, output = 
200mV/cm) 
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Figure 13. Tpd —’’0” for 100mV step input and various 


overdrives (input = 5mV/cm, output = 
200mV/cm) 


counting up 5, 10, or 20mV from the bottom of the input 
pulse. The input pulse, therefore, is displayed on a magnified 
scale to facilitate this measurement and also to illustrate the 
purity of input signa! required to make accurate measurements 
at millivolt overdrives. ; 


For a 100mV input step and 5mV overdrive, the propagation 
delay for a logical “0” is 6.3ns and for a logical ‘’1" is about 
300ps Jess. A graph of delay as a function of overdrive is given 
in Figure 14. It was previously stated that any other condition 


Ta=25°c | 
Vin = 100mvV STEP 
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Figure 14. Delay times as a function of input overdrive 
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Figure 15. Response to symmetrical input signals 


of input signal should give faster response (refer back to 
Figure 1). This is demonstrated by Figure 15, which illustrates 
the response of the comparator to symmetrical inputs ranging 
from +5mV to +500mV. The speeds are at least 1 to 2ns faster 
than for small overdrives. 


Figure 16 shows how the delay time varies with temperature. 
The adverse effects of resistor and gain changes at elevated 
temperatures result in an increase in delay from 6.3ns at 25°C 
to 8.4ns at 85°C and 10.4ns at 125°C. All of the above data 
were taken with output loads of 502 connected to —2.0V. 
For lighter loading (such as'5002 to —5.2V) the output rise 
and fall times and propagation delays are all slightly faster. 


The usefulness of the latch is directly related to how quickly it 
can be enabled following a change in the input signal. The 
input signal must be present long enough to pass through the 
first stage of the comparator before the !atching transistors can 
act upon it. The minimum time that the input must be present 
before the latch can be turned on is defined as the latch enable 
time. This is measured as the minimum time that must elapse 


Vin = 100mV STEP, 
_BmV OVERDRIVE 
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Figure 16. Delay times as a function of temperature 


between the time the input step crosses the input threshold 
voltage and the time the latch enable input crosses the logic 
threshold voltage for which the comparator outputs will 
assume the correct states. 









—_| 
w2nae an 


{lel bere] | 
ATEN fel 


/c 


Bias 


EAE 


E 
Vout ye ty 





Figure 17. Latch enable time and latch aperature time 
for 100mV input step, 5mV_ overdrive 
(input = 5mV/cm, latch = 200mV/cm, 
output = 400mV/cm) 


The performance of the latch function is illustrated by 
Figure 17. The input signal is the standard 100mV step with 
5mV overdrive and is in the direction to cause the output to 
switch from a logical ‘0’’ to a logical ‘'1’’. The delay of the 
latch signal relative to the input is adjusted until the output 
just switches to a1"; this is the latch enable time and under . 
these conditions is 1.8 ns. The difference between the latch 


‘timing for which the output just barely switches and when it 


does not switch is the latch aperture time; this is about 500ps 
for 5mV overdrive. The performance of the latch with input 
overdrive and temperature generally follows that of the 


propagation delays (Figure 14 and 16). 


The overall performance of the Am685 is summarized in 
Table Il. It is apparent from the table and the previous 
discussion that the device is ideally suited for applications 
where both precision and high speed are required, such as in 
analog-to-digital converters, data acquisition systems, and 
optical isolators. The device is the first in a family of new 
wideband linear integrated circuits designed to meet the 
requirements of very high-speed systems. 


Propagation Delay 

(100mV step, 5mV overdrive) 
Input Offset Voltage 

Average Temperature Coefficient 
Of Input Offset Voltage 

Input Offset Current 


6.5ns MAX 
2.0mMV MAX 


10uV/°C MAX 
1.0uA MAX 
10uA MAX ° 
+3.3V MIN 
80dB MIN 
70dB MIN 
22mA MAX 
26mA MAX 


Input Bias Current 

Common Mode Voltage Range 
Common Mode Rejection Ratio 
Supply Voltage Rejection Ratio 
Positive Supply Current 
Negative Supply Current 


Table II: Performance Characteristics of the Am685 
Comparator (Tq = 25°C, Vt = 6.0V, 


V~ = —5.2V, Ri = 502 to —2.0V) 
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THE A-D APPLICATION 


Very fast, precision, analog-to-digital conversion stands to 
benefit considerably from the availability of a fast comparator. 
As the block diagram of a fast 10-bit converter in Fig. 18 
shows, a typical rapid conversion technique may resemble the 
use of feedforward compensation in an operational amplifier. 


The analog input signal is sampled at the beginning of a con- 
version period and fed to a fast five-bit a-d converter, which 
provides the first five most significant bits of the output. 
These five bits also drive a companion d-a converter, which 
must be accurate to better than 10 bits. The output of the d-a 
converter is a replica of the input signal, quantized to five bits. 
This is compared with the actual input signal stored in the 
sample-and-hold amplifier. The difference between the two 
analog levels is the remaining part of the input signal that must 
be quantized. This difference is amplified and applied to an- 
other five-bit a-d converter to provide the five least-significant- 
bits of the final output. 


Typical five-bit a-d converters may consist of 31 106-type 
comparators connected to the signal source and referenced to 
the full-scale input in steps of 1/32. The output of each com- 
parator goes into a latch, and the latch outputs are decoded by 
three stages of TTL gages to develop the five-bit digital output. 


Typical propagation delays are 40 ns for the comparators, 
22 ns for the latches, and 10 ns for the decoding, resulting in a 
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total delay of 80 ns. Average settling time for the five-bit d-a 
converter and the difference amplifier together comes to about 
200 ns, and the settling time for the input sample-and-hold 
amplifier is 70 ns. Thus, the over-all conversion time for this 
10-bit converter amounts to 430 ns. 


Substitution of the high-speed ECL comparator for the 106 
type in each of the five-bit converters leads to a significant im- 
provement in propagation delay. The typical delay of the com- 
parator is about 6.5 ns, and no external Jatch is required. With 
ECL it is possible to wire-OR outputs, so only one level of de- 
coding gates is required. Allowing 1.5 ns for the gates, the 
total five-bit conversion time is only 8 ns — a tenfold improve- 
ment over the existing circuit. 


If the latch function of the comparators is used as the sample- 
and-hold for the first five-bit converter, the sample-and-hold 
can be put in parallel with the first quantization step, as shown 
by the dotted lines in Fig. 18. This eliminates its settling time 
from the over-all delay of the system. With the new compara- 
tor, the total 10-bit conversion time drops to 216 ns, with over 
90% of the delay attributable to the d-a converter and the dif- 
ference amplifier. Moreover, the availability of an 8 ns five-bit 
converter should provide the impetus to improve the slower 
sections of the system. A 10-bit a-d converter with a delay 
under 100 ns is not an extravagant prediction. 
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If the standard 106-type comparator in this a-d converter is replaced by the 10 ns device, a tenfold improve- 
ment in speed is possible. What is more, the ECL makes possible both wired-OR outputs and a single level 


of decoding for gates. 


LIC-165 





Figure 18. Analog to digital. 
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Am686 


Voltage Comparators 





Distinctive Characteristics 
@ 12ns MAXIMUM PROPAGATION DELAY AT 5mV 


OVERDRIVE 
@ Complementary Schottky TTL outputs 
@ Fanout of 5 


FUNCTIONAL DESCRIPTION 


The Am686 is a fast voltage comparator manufactured with an 
advanced bipolar NPN, Schottky diode high-frequency process that 
makes possible very short propagation delays without sacrificing 
the excellent matching characteristics hitherto associated only with 
stow, high-performance linear 1C’s. The circuit has differential analog 
inputs and complementary logic outputs compatible with Schottky 
TTL. The output current capability is adequate for driving 5 
standard Schottky inputs. The low input offset and high resolution 


make this comparator especially suitable for high-speed precision 
analog-to-digital processing. 


A latch function jis provided to allow the comparator to be used ina 
sample-hold mode. If the Latch Enable input is LOW, the com- 
parator functions normally. When the Latch Enable is driven HIGH, 
the comparator outputs are locked in their existing logical states. 
If the latch function is not used, the Latch Enable may be left open 
or connected to ground. 
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ORDERING INFORMATION* 


Order 
Number 


AM686HC 
AM686DC 
AM686CN 
AM686CN-1 


AM686HM 
AM686DM 


AM686XC 
AM686XM 


AM686LC 
AM686LM 


Temperature 
Range 


Metal Can Oto +70°C 

DIP 0 to +70°C 
8-Pin Mini Oto +70°C 
8-Pin Mini Oto +70°C 


Metal Can —55 to +125°C 
DIP —55 to +125°C 


Dice Oto +70°C 
Dice —55 to +125°C 


Oto +70°C 
—55 to + 125°C 


Part Package 
Number Type 


Am686 


Am686 


Am686 


Leadless 


Meee Leadless 


*Also available with burn-in processing. To order add suffix B 
to part number. 
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Am686 
MAXIMUM RATINGS (Above which the useful life may be impaired) 





























Positive Supply Voltage +7V Operating Temperature Range 

Negative Supply Voltage _7V Am686C and Am686C-1 0 to +70°C 
InputVoltage tt (tti(‘éSOSOSOS;*;*;:C AY Am686M ; —55 to +125°C 
Differertlal Input Voltage Sev Tem@6C and AMEBEO-1 VF = 450V 26x Vo EDV 28% 
Power Dissipation (Note 2) 600mW AméaeM V+ = +5.0V +10%, V~ = —6.0V 10% 
Lead Temperature (Soldering, 60 sec) 300°C Minimur Operating Voltage (V# to V=).., 9.7V 
Storage Temperature Range —65 to +150°C ie ae ee eee oe ee 


ELECTRICAL CHARACTERISTICS OVER THE OPERATING TEMPERATURE RANGES 
(Unless Otherwise Specified) 
DC Characteristics 


Symbol Parameter Conditions (Note 3). Am686C Am686C-1 Am686M Units 


Rs = 100, Ta = 25°C 
Average Temperature Coefficient 
AVos/4T of Input Offset Voltage 
Input Offset Current 
ra Input Bias Current 


Rs < 100, -3.3V < Voy < +2.7V 
a 
Pio, | Gupat OW votage [ic te = We nan) [0s 
ft hemeseiorse = [ae 
ca eee Gee) 


Negative Supply Current 
Power Dissipation 
Ta (min) = Ta = 25°C 


t Propagation Delay, 

pd+ Input to Output HIGH Ta = Ta (max) 
Propagation Delay, Ta (min) = Ta < 25°C 
input to Output LOW Ta = Ta (max) 
Difference in Propagation Delay 2 Sais 


Notes: 2. For the metal can package, derate at 6.8mW/°C for operation at ambient temperatures above +95°C; for the dual-in-line package, derate at 
9mW/°C for operation at ambient temperatures above 115°C. 
3. Unless otherwise specified, Vt = +5.0V, V- = —6.0V and the Latch Enable input is at Vo_. The switching characteristics are for a 100mV 
input step with 5.0mV overdrive. 
4. The outputs of the Am686 are unstable when biased into their linear range. In order to prevent oscillation, the rate-of-change of the input 
signal as it passes through the threshold of the comparator must be at least 1V/us. For slower input signals, a small amount of external 
positive feedback may be applied around the comparator to give a few millivolts of hysteresis. 
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PERFORMANCE CURVES METALLIZATION AND 
PAD LAYOUT 


Propagation Delay Propagation Delay | Output Rise and Fall Times 
as a Function of . as a Function of as a Functien of 
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‘Dual Voltage Comparators 





Distinctive Characteristics 


@ 8.0ns MAXIMUM PROPAGATION DELAY AT 5mV 


OVERDRIVE 
@ Complementary ECL outputs 


@ 502 line driving capability 


FUNCTIONAL DESCRIPTION 


The Am687 and Am687A are fast dua! voltage comparators con- 
structed on a single silicon chip with an advanced high-frequency 
Process. The circuits feature very short propagation delays as well 
as excellent matching characteristics. Each comparator has differ- 
ential analog inputs and complementary logic outputs compatible 
with most forms of ECL. The output current capability is adequate 
for driving terminated 502 transmission lines. The low input offsets 
and short delays make these comparators especially suitable for 
high-speed precision analog-to-digital processing. 

The comparators are similar to the Am685 high-speed comparator 
but have been designed to operate from a 5V positive supply 
(instead of 6V), dissipating less power than two Am685’'s. Separate 
latch functions are provided to allow each comparator to be inde- 
pendently used in a sample-hold mode. The Latch Enable inputs 
are intended to be driven from the complementary outputs of a 
standard ECL gate. If LE is HIGH and LE is LOW, the comparator 
functions normally. When LE is driven LOW and LE is driven HIGH, 
the comparator outputs are locked in their existing logical states. If 
the latch function is not used, LE must be connected to ground. 


NON- 
INVERTING 
INPUT 


INVERTING 


Le LE 


FUNCTIONAL DIAGRAM 


—— 
LATCH ENABLE 


QOUTPUT QOUTPUT 


TE Le 


NON- 
INVERTING 
INPUT 


INVERTING 
INPUT 


—— 
LATCH ENABLE 


LIC-134 


The outputs are open emitters; therefore external pull-down resistors 
are required. These resistors may be in the range of 50-2002 


connected to —2.0V, or 200-20002 connected to —5.2V. 


CIRCUIT DIAGRAM (Each Comparator) 


NON-INVERTING 
INPUT 
INVERTING _ 


ORDERING INFORMATION* — 
Package Temperature 
Type Range 


Am687A DIP —30 to +85°C 
Am687A DIP —55 to +125°C 


Am687 DIP —30 to +85°C 
Am687 DIP —55 to +125°C 


Am687 Dice -30 to +85°C 
Am687 Dice —55 to +125°C 


Am687A —30 to +85°C 
Am687A —55 to + 125°C 


Am687 —30 to +85°C 
Am687 —55 to +125°C 


*Also available with burn-in processing. To order add suffix B 
to part number. 


Order 
Number 


AM687ADL 
AM687ADM 


AM687DL 
AM687DM 


AM687XL 
AM687XM 


AM687ALL 
AM687ALM 


AM687LL. 
AM687LM 


Part 
Number 





Leadless 
Leadiess 





Leadless 
Leadless 
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INPUT 8. 


NONINVERTING 


NON-INY. 
INPUT 
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NON-INV. 
INPUT 
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Note: Pin 1 is marked for orientation. 
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Am687/A 
MAXIMUM RATINGS (Above which the useful life may be impaired) / mGerA 

















Positive Supply Voltage +7V Operating Temperature Range : 
Negative Supply Voltage —7V Am687-L, Am687A-L —30°C to +85 C 
Input Voltage +4V Am687-M, Am687A-M —55°C to +125°C 
Differential Input Voltage +6V Storage Temperature Range —65°C to +150°C 
Output Current 30mA Lead Temperature (Soldering, 60 Sec.} 300°C 
Power Dissipation (Note 2) 600 mw Minimum Operating Voltage (V* to V—) 9.7V 


ELECTRICAL CHARACTERISTICS OVER THE OPERATING TEMPERATURE RANGES (Unless otherwise specified) 


: : Am687A-L Am687A-M 
DC Characteristics Am687-L Am687-M 


Symbol Parameter ‘ Conditions (Note 3) Min. Max. Min. Max. Units 
-3.0 +3.0 
-3.5 +3.5 












Rg < 1002, Ta = 25°C -2.0 +2.0 mV 
emma [nce oe [me [oe [me [re 
Ta = Ta(min.) -1.3 +1.3 +1.6 BA 

pote} fe] 























los Input Offset Current 















25°C < Ta < Ta(max.) 
Ta = Ta(min.) 






{nput Bias Current 
uA 


7 

eae se eh 

[re toon.aigeeee [| 

Ta =25°C 

Output HIGH Voltage Ta = Ta(min.) 
Ta = Talmax.) 
Ta =28°C 

Output LOW Voltage Ta =Ta(min.) 


Ta = Talmax.) 
ne ENeeieaeianes | 
[rons [Powe Baten 


Switching Characteristics (Vin = 100 mV, Vog = 5mvV) 


Ta(min ) < Ta < 25°C 
tod+, tod— Propagation Delay, Am687A . 
T in.) <Ta < 25°C 
tod+, tpd— Propagation Delay, Am687 A(min.) A 
Ta = Ta(max.) 


Minimum Latch Set-up Time Tp = 25°C 


Notes: 2. Derate at 9mW/°C for operation at ambient temperatures above + 115°C. 

3. Unless otherwise specified V+ = +5.0V, V- = —5.2V, Vr = —2.0V, and Ri = 500; all switching characteristics are for a 100mV input step 
with 5mV overdrive. The specifications given for Vos, los, Ip, CMRA, SVAR, tpd+ and tpg— apply over the full Vow range and for +5% 
supply voltages. The Am687 and Am687A are designed to meet the specifications given in the table after thermal equilibrium has been 
established with a transverse air flow of 500 LFPM or greater. 

4. Because of the difficult and critical nature of switching measurements involving the latch, these parameters can not be tested in production. 
Engineering data indicates that at least 95% of the units will meet the specification given. 








Input Voltage Range 













Common Mode Rejection Ratio 







Supply Voltage Rejection Ratio 































PERFORMANCE CURVES METALLIZATION AND 
PADLAYOUT — 


Propagation Delays as a Propagation Delays as a Output Rise and Fail Times 
Function of Input Overdrive Function of Temperature as a Function of Temperature 


Ta = 125°C 

















LT, = 85°C 



































tod+ 
tod— 

Ry = 502 A 
vp=-2ov | Tan ec 
Vin = 100mv | Ta = ~55°C ‘i P 
10 100 -55-35-15 5 25 45 65 BS 105 125 -55-35-15 5 25 45 65 85 105 125 
OVERDRIVE ~ mv TEMPERATURE — °C TEMPERATURE — °C 


LiC-137 DIE SIZE 0.056” X 0.056” 
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Am685/Am686/AM687 
Designing with High Speed 
Comparators 


By Leonard Brown 





INTRODUCTION 


The Am685, Am686 and Am687 are a family of high-speed 
sampling comparators capable of detecting low-level signals of 
the order of 5-10mV in 12-15ns over the temperature range 
-55°C <Ta < 125°C. The Am686 is fully TTL-compatible 
and complementary outputs are available generated from a 
true differentia) output stage assuring a maximum output 
skew of under 2ns at 25°C. The Am685 and Am687 are single 
and dual ECL-compatible versions, respectively, and have 
output skews of less than ins. A high-speed latch is incor- 
porated in the input stage permitting input signals to be 
acquired in 4.0ns maximum for the ECL versions and 6.0ns 
for the TTL device. ; 


Applications of the devices are not limited to high-speed 
designs as the combination of the excellent DC input charac- 
teristics, availability of true differential outputs and the 
latch function permit unique solutions for slower speed 
applications where the response time of the comparators can 
be considered negligible. 


THE SAMPLING COMPARATOR 


The sampling comparator may be visualized as a conventional 
voltage comparator with the provision that the outputs may 
be latched into the logic states determined by the input signal 
conditions existing at the time of application of the fatch 
signal. This is achieved: by incorporating the latch circuitry 
in the input stage of the device. The minimum latch enable 
_ pulse width is necessarily less than the propagation delay of 

the device and, therefore, the comparator can be unlatched 
for a fraction of its propagation delay (4.0ns for the Am685). 
The outputs will then change in accordance with the. input 
conditions existing at the time of the latch signal. Note: It 
is impossible for the comparator to oscillate under these 
conditions. 


If the latch function is not used, the device operates as a 
conventional voltage comparator. 


BACK TO BASICS 


Comparators are designed to have both high gain and large 
bandwidth. This creates instability problems or oscillations 


when the device outputs are in the transition region. The ~ 


tendency of a device to oscillate is a function of the layout, 
(poor layout increasing the amount of feedback caused by 
parasitic capacitance) and the source impedance of the circuit 
employed (The higher the source impedance the less parasitic 
coupling is necessary to cause oscillation.) It is mandatory 
with comparators of the gain and bandwidth of the Am685, 
Am686 and Am687 to ensure that power supplies are well 
decoupled, lead lengths are kept as short as possible, and 


wherever possible (especially in the case of the Am686), a 


ground plane should be employed. 


In addition to reducing the effects of stray capacitance, a 
ground plane substantially reduces the possibility of the 


output current spike coupling back to the inputs through the 
ground lead when the TTL output stages switch. 


The minimum slew rate at which the input signal must cross 
the threshold region to prevent oscillation, regardless of the 
particular layout parasitics, may be determined by applying a 
DC voltage to the input until the circuit just commences to 
oscillate and increasing this voltage until the oscillation ceases. 
The minimum necessary input slew rate is then given by 
AV/tpd MIN, where AV is the input voltage required to 
prevent oscillation and tpg MIN is the minimum propagation 
delay of the comparator. 


The minimum slew rate will be found to be a function of 
source impedance and source impedance mismatch. 


The curves of Figures 1 and 2 show the minimum slew rate 
for the Am686 as a function of source impedance and source 
impedance mismatch. 


UNBALANCED 
DIA ’C’ - 





MIN SLEW RATE — V/us 


UNBALANCED 
DIA 'B’ 


BALANCED 
DIA’A’ 





10 100 1000 
SOURCE RESISTANCE — 2 LIC-166 


Figure 1. Minimum Slew Rate Versus 
Source Resistance (TO—5). 
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10 100 
SOURCE RESISTANCE — 2 


Figure 2. Minimum Slew Rate Versus 
Source Resistance (DIP). 
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_ MIN SLEW RATE — V/us 
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Figure 3. Minimum Slew Rate Versus 
Source Resistance (TO—5 & DIP). 


It can be seen that unbalanced sources dramatically effect the 
minimum input slew rate required. Note that for optimum 
performance, the source impedance seen by the comparator 
should be both DC and AC balanced to reduce the differential 
feedback to a minimum. 


The effect of an AC unbalanced source is seen especially on 
the Am686 as when the output switches, the output current 
spike is coupled back to the input. This can be eliminated by 
forcing the AC unbalance to result in positive feedback, which 
may be achieved by decoupling the inverting input or applying 
positive feedback via a 2-4pF capacitor from the O output to 
the non-inverting input. 


The curves of Figure 3 illustrate the improvement in minimum 
slew rate when a small amount of positive feedback is em- 
ployed by virtue of a 2pF feedback capacitor. 


OPTIMUM SOURCE CONDITIONS (Cy = OpF) 


With low source impedances (< 5022), the majority of the 
feedback between the output and the input occurs internal 
to the device. As the source impedance is raised, external feed- 
back increases through the parasitic feedback capacitance 
until, at high source impedances, the external feedback 
dominates. This explains the anomolous characteristics of the 
minimum slew rate curves and suggests that the optimum 
source resistance for the device is between 300 and 500Q 
for unbalanced sources and is approximately 100082 for a 
balanced source. 


OPTIMUM SOURCE CONDITIONS (C¢ = 2pF) 


With a source impedance of 1002, the minimum slew rate is 
0.15V/us for the DIP configuration and 0.02V/us for the 
TO-5. For balanced sources the minimum slew rate is 0.03V/us 
for Rg 2 10022 and for a source impedance between 1kQ 
and 3kQ, the minimum slew rate is <0.02V/us regardless of 
impedance, DC imbalance or package type. 


The use of the feedback capacitor is recommended when: 


1. The input slew rate is within a factor of 2 greater than the 
minimum theoretical slew rate. ; 
2. System constraints do not permit optimisation of layout 
and lead lengths. 
3. Unbalanced source impedances are used (it is not always 
’ possible to provide input conditions which are both DC and 
AC balanced). 


Am685/Am686/Am687 


A FAMILY AFFAIR 


It must be stressed that the concepts discussed concerning 
source imbalance and minimum input slew rate apply to all 
devices in the family. The Am686 was highlighted as it is more 
sensitive to layout constraints and parasitic feedback because 
of its significantly higher voltage gain. 


Similarly all of the applications which follow may be imple- 
mented with any device in the series provided due caution is 
exercised with regard to the different output logic levels. 


THE RELAXATION OSCILLATOR 


4 
The principal problems in the design of a classical relaxation 
oscillator are: 


1. The variation in potential to which the energy storage 
device (normally a capacitor) is charged. 


2. The variation in the threshold level at which the capacitor 
is to be discharged. 


3. The variation inherent in the sensor element (normally a 
comparator) in detecting equivalence between the threshold 
level and the capacitor’s instantaneous potential. 


The variations are all functions of both time and temperature 
and are the primary causes of frequency drift, symmetry error, 
and jitter. 


By taking advantage of two unique properties of the Am686, 
a relaxation oscillator may be designed to eliminate the first 
two problems and reduce the third to a second-order effect for 
oscillation frequencies from 1MHz to 30MHz. 


The true differential output stage of the comparator ensures 
that the Q and O outputs change within 1-2ns of each other. 
This feature ensures that the outputs can never be in the same 
logic state instantaneously, either HIGH or LOW, and that the 
only time they are equal in voltage is when traversing the logic 
uncertainty levels. This property permits the design of a 
threshold setting circuit that varies in accordance with the 
charging voltage applied to the timing capacitor. Therefore, 
any change in charging potential is automatically compensated 
by a corresponding change in threshold level. 


Second, the combination of the short propagation delay 
7-10ns, the minimum difference in propagation delay between 
outputs ‘and the stability of these delays with temperature 
assures square wave symmetry of better than 1% @ 1MHz and 
5% @ 25MHz and a frequency stability of 1% @ 10MHz and 
4% @ 25MHz. 


The above statements are true from device to device and over 
the operating temperature range of —55°C to +125°C. Over 
the industrial temperature range, a factor of two improvement 
should be obtained. 


CIRCUIT THEORY (Fig. 4) 


Assuming the circuit is in an oscillating mode, the voltage 
appearing at the non-inverting termina! will alternate between 
Vx and Vy where: 


R4 


Vx = =—— (VOH-VOL)+ VoL and 
(Ry +R) . rae 


Vy (VOH — VOL) + VOL 


(Ry + Ra) 
When V+iN = Vx, the timing capacitor C will be charging 
towards VQH, and when V+ ij = Vy, the timing capacitor will 
be discharging towards Vo L.. , 
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Figure 4. Circuit Design. 


After the voltage on the capacitor equals the voltage on the 
non-inverting input, a finite time will elapse before the output 
of the circuit changes, during which time (the propagation 
delay of the Am686) the capacitor will continue to charge 
towards VOH, or discharge towards Vo_. 


Therefore, the capacitor wil! charge to a voltage 
—— R 

Va = Vou —e PHL/CR (Vou — Vx) 

and discharge to a voltage 


Vp = Voz te tPtH/CR. iy, — Voi) 


where tpy_ and tp_y = propagation delay of the Am686 from 
the inputs to the output changing from HIGH — LOW and 
LOW — HIGH respectively. 


The time to charge from Vg to Va which is the positive half 
cycle is given by: 


Vou — V 
tt=CR in “OH 7 “8 
Vou — Va 


substituting for Va and Vg 


tt=CR1n Ret 1) etPHL/CR _4) 


Similarily the negative half cycle is given by: 


Va —-V 
tc =CR 1n A SOL 
Ve — Vor 


t-=CR Inlet 1) etPLH/CR _4) 


Note: The only assumptions are: 


1. (VoH — VoL) of the Q output = (Voy — Voz) of the O 
output. | 4 


2. Offset voltage and offset current errors are negligible. 
3. etPLH/CR “ e7tPHL/CR = 1 


The only factor affecting pulse width variation is, therefore, 
teHL and tp_y. As tpy_ > tpi by 1-2ns, it is therefore antici- 
pated that tt will be marginally greater than t—. . 


MINIMUM OPERATING FREQUENCY 


For the Am686, it is specified that the minimum slew rate 
at the input to insure that the device will not oscillate in the 
transition region is 1V/us. This will determine the minimum 
operating frequency of the circuit. 


The rate of change of voltage on the timing node is given by: 


dv Vo 
we x en t/CR 
dt CR 


In the circuit, 


a) Vo = Voy — Vg (assuming positive ramp) 


and Ry 
b) t=CR in [(—t + 1) etPHL/CR _14) 
R2 
As the slew rate is only critical in determining the lowest 
operating frequency, it may be assumed that etPHL/CR _ 
(CR >>> tpy_); therefore, Vo = Voy — Vg © Von — Vy 
We slieg Se i echin 
Oo = - ———- and,t = n— 
RE Rand ag Ro 
5 dv (Von — Vot) Ry Ro 
Lp = = a SK Xi 
at CR Ry + Ro Ry 
AV Ro 
= ee x eer meer 
CR R4 + Ro 
where, AV = (Vow — Vor) 
The minimum operating frequency 
; 1 
MIN Rj 
2CR in — 
R2 
substituting 
AV R -  p (R,/Ro + 1) 
CR 7 esse ees. fuin =, XX 
p Ry Ao Ro 2AV _1In R1/Ro 


The expression for minimum frequency indicates that an 
optimum ratio of Ry/Rz exists that is independent of any 
particular RC time constant which may have been chosen. 
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The ratio may be determined by differentiating fyqyy with 
respect to Ry/Ro. 





1 Ry 
iit 
Of Min 2 Ro 2) 
p 
Ry ——= Xx 1.2 
Ra Ro 
Ry Ro 
In— —1—-— 
p Ro Ry 
~ Dav * 
(in—)? 
Ro 
OF a 
Setting 0 Ry 
Ro 
R R 
qaie aed ae = 
Ro Ry 
R, 1 
R 
2 in at 
Ro 


Ry 
w— = 3.59112 
R2 


Therefore, the lowest frequency the oscillator will perform 
consistent with the 1V/s constraint is: 


1x 4.6 
fuin = ——————._ = .513MHz 
2x 3.5 1n3.6 


D.C. OFFSET ERRORS 


The presence of DC errors resulting from the bias and offset 
currents and offset voltage of the Am686 will cause the Vy 
and Vx thresholds to be both shifted either positive or negative 
by an equal amount 5V where 5V is the sum of all such errors. 


The magnitude. of these effects may be calculated as follows: 


When the capacitor is discharging — 


sea ena dle 
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Figure 5. 
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d 1 2 1 
a Voe t/CR _ Vit) 
dt CR CR 
bV 

5ty =-—— CR 

Vity) 
; —5VCR 
bt = 

Vita) 


At~ Negative Pulse Width Change = 
Vv —V 
Sty -8t, = oven — C2) lta) 
Viti) Vtg) 
As Vx = Vty-Vy = Vito 
a 85VCR (Vy —Vx) 
VxVy 


Similarly for the positive pulse 


t tg 


ie 


ee lag 
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Figure 6. 


-t/CR 


Vit) = Vo(1—e ) 


1 
Whence, dv/dt = — (Vo — V(t)) 
CR 


5VCR 
i = 
Vo— Vty 
5VCR 
Sto > 
Vo- Vto 


Positive Pulse Width Change Att = 5tg — dt . 
1 


= 6VCR ——_—_- - ———_—_ 
Vo—Vitg) Vo-Vity) 


In the circuit Vito = Vx. Vty = Vy, Vo-Vx = Vy 


1 1 Vx —-V 
Att = 5VCR (— a — ) = §5VCR Pik cil =—At- 
Vy Vx VxVy 


.. Offset errors do not affect the frequency of oscillation, only 
the symmetry of the waveshape. 
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SYMMETRY ERROR 


Att — At Vy 
Symmetry S = ———— x 100% where T=CR 1n 7 
Xx 
2Att 
S = —— x 100% 
2T 
5VCR (Vx — Vy) 1 
= eee OC 
VxVy CR 1n Vy/Vx 


Symmetry is worse for maximum value of Vx —Vy. Maximum 
value of Vx — Vy occurs when Ry and Ro are arranged for 
minimum operating frequency, i.e., Ry /Rz = 3.6 


Substituing 5V = 5mV 


Vx/Vy = 3.6 


1 3.6 
VxVy = a VoH x te Vou 


VoH = 3.5V and neglecting Voy 
Symmetry is < 0.38% 


Note: 1. For any given ratio of Ry: Ro (ie., Vx and Vy), 
Offset voltage Symmetry error is independent of 
frequency. 


2. Symmetry improves to .33% @ Ry:Ro = 2.5 


EXTENDING LOW FREQUENCY PERFORMANCE 


If it is necessary to extend the lower limit of the oscillation 
frequency, a small amount of positive feedback may be intro- 
duced by connecting a 2-4pF capacitor between the O output 
and the non-inverting input. This will decrease the minimum 
input slew rate required and enable oscillation frequencies of 
1kHz to be achieved without spurious oscillations occuring 
on the rising or falling edges of the waveform. At frequencies 
below 1MHz, it is not necessary to take into account any 
potential frequency shift this additional feedback introduces. 
(Above 1MHz, it is not necessary to use this additional 
feedback.) 


PERFORMANCE CHARACTERISTICS: 


f= 10MHz 


Ww Toase — °C 


f = 20MHz 
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Figure 7. Percentage Change in Frequency Versus 
Case Temperature. 





100.125 Tease —°C 


f = 5.0OMHz 
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Figure 8. Change in Symmetry Versus Case Temperature. 
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Figure 10. Output Waveform at 10MHz. 
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Figure 14. Circuit and Component Values used in 
Obtaining Performance Characteristics. 


VE EZ JOmS 50005 
Figure 11. Output Waveform at 24MHz and Expanded 
Falling Edge Exhibiting <50ps Jitter. 


. LOW LEVEL PULSE DETECTOR 
1Q4896 
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TRANSFER FUNCTION 


Ry = 5.1KR 
Ry = 102 
R3= Rg = 1k2 
Cy = 470pF 
Cy = 2pF 


’ MHZ 10mS $0005 


oO 


Figure 12. Change in Pulse Width and Jitter from 25°C to 
125°C, f = 10MHz. 


MAXIMUM INPUT PULSE WIDTH = 240ns 
MINIMUM INPUT PULSE WIDTH =  10ns 
MAXIMUM REP. RATE (20ns, 20mV) CONTINUOUS > 25MHz 
MAXIMUM REP, RATE (20ns, 20mV) CONTINUOUS w/o Ra, gCo wy 12MHz 
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Figure 15. 


CIRCUIT OPERATION . : 


The input resistance is essentially determined by R4 which was 
chosen to be 1kQ2 on the basis that most sources would not 
be unduly loaded at this value and consequentially higher 
values would make the circuit excessively prone to. oscillation. 
To minimize bias current errors, the inverting input is connec- 
ted to the 10mV reference source (Rj and Rg) through an 
equal-valued resistor (R3). 





Positive feedback is provided by Cf which provides a 50- 


Figure 13. Expanded Fall Time Showing Change in Pulse 60mV, 3-4ns pulse, significantly improving the switching time 
Width from 25°C to 125°C, f = 1.0MHz, and narrowing the uncertainty region for pulses just in excess 
(Jitter ~ 300ps). of the 10mV threshold. 
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Capacitor Cz provides A-C coupling and thus ‘isolates the 
circuit from slowly varying signals which may be superimposed 
on the signal to be detected. Such is the case for a detector 
sensing the output from a fibreoptic cable receiver. The A-C 
coupling imposes additional constraints; namely, the repetition 
rate and duty cycle of the input signal. 


The signal which is seen by the non-inverting terminal and 
then compared to the reference is not simply the peak value 
of the input pulse but the peak value less the average D.C. 
value of the input signal. 


Assuming a 20mV input pulse, 20ns wide and repeated every 
20ns, the signal seen across Rq will be as follows: 
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Figure 16. 


By the ninth pulse, the peak signal will be 15.2mV dropping 
to 14.6mV by the end of the pulse; thus, after a pulse train 
of ~10 pulses, the detector will not detect the incoming signal. 


Additionally, consider the case of a 20ns pulse repeated every 
60 nanoseconds. 
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Figure 17. 


The peak signal at the input will now be only 15mV;; there- 
fore, the maximum repetition rate consistent with providing a 
5.0mV overdrive is 1/80ns or 12.5MHz. 


Therefore, the circuit will only successfully detect 20mV, 20ns 
signals if: a) the pulse train is < 10 pulses or b) the repetition 
rate < 12MHz. 


To compensate for these problems, a DC feedback signal is 
generated by Ra, Rg and Cc, which adjusts the reference level 
accordingly. 


Ra and Cc form a low-pass filter that gives a maximum DC 
level of 1.7 volts at a 1:1 duty cycle. At this duty cycle, it 
is required to reduce the reference level by 5mV to maintain 
adequate overdrive. Rg and Rq form an attenuator and the 
DC voltage level returned to the non-inverting input = 1.7V 
x Rq/(Rq + Rp) =4.3mV. Using this network permits the 
circuit to work up to 25MHz, or better than a1: 1 duty cycle 
and removes the limitation imposed by the input A-C 
coupling. : 








Note: The response time of the feedback path must be the 
same as the input network; i.e., RACC = R4Cj in order for 
the. feedback to follow rapid changes in repetition rate or 
duty cycle. ; 


PRECISION MONOSTABLE 


Commercially available one-shots encounter problems in the 
generation of narrow (< 100ns) pulses. Namely, there is a 
significant delay between the input pulse and the output 
pulse of the order of 20ns and the resultant output pulse 
width is highly temperature dependent due to the variation in 
internal delays with temperature. Second, the input pulse must 
be of the logic level for the type of logic employed in the 
design — TTL, DTL, RTL, etc. Thus, the circuits are incapable 
of responding to low-level input signals in the millivolt range. 


The Am685 series of sampling comparators can be employed 
in the design of a custom one-shot to overcome both of these 
problems. ; 


Figure 18 shows the design of a monostable employing the 
Am686 to generate precision output pulses in the 20-100ns 
range and the values shown are for a 50ns pulse width. 
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1+Vot/Von’ \RatRe 1 
Figure 18. 
The timing diagram illustrates the circuit operation. 


(Vou — Vou 


DIODE CLAMP. 
_ VOLTAGE ——— 


OUTPUT 
PULSE 
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Figure 19. 
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The circuit triggers on the negative-going edge of the input 
pulse and the Q output switches high. The output signal is 
attenuated by Ra and Rp to keep the coupled pulse inside 
the common mode limits of the device. The output remains 
high until the voltage on the non-inverting input reaches the 
threshold set by Ry and RQ. In order that the pulse width be 
independent of the input pulse amplitude, it is important-to 


make the input time constant small compared to the desired 


output pulse width. 


A unique feature of the circuit is the use of the differential 
outputs of the device to set the threshold, Vth thus providing 
temperature compensation and a reduction in pulse width 
variation from device to device. 


Diode D1 shortens the recovery time of the timing capacitor 
and permits retriggering 30ns after the end of the pulse with 
less than a 5% change in pulse width. 


Complete isolation of the input signal and the timing network 
may be achieved by employing the latch function as shown 
below: 


LIC-182 





Figure 20. 


When the input signal exceed Vref, the output will switch and 
latch the comparator in the high state. When timing capacitor 
charges to the latch threshold, the latch will become disabled 
and the output will switch back to zero, providing the input 
is now below VREF. 


The advantages of this approach are: 
1. No interaction between input signal and timing capacitor. 


2. The input threshold set by VREF is independent of the 
timing threshold. 


Thus, the input threshold can be varied from millivolts to volts. 
A practical! circuit is shown: 


=yt 
THRESHOLD = V*R3/(Ra+R3 
tow * *64CRy 
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Figure 21. 





Am685/Am686/Am687 


The circuit is applicable for situations where accuracy of 
trigger threshold is important, a large variation in input signal 
level is expected: or the input signal level is low. Timing 
accuracy (pulse width) is independent of the amplitude of the 
input pulse, but the output pulse width varies with tempera- 
ture in accordance with the temperature dependence of the 
latch threshold (~ 3.0mV/°C for Am686). 


APPLICATIONS REQUIRING INPUT HYSTERESIS 


Comparators are frequently employed in systems where it 
is required that the transfer function contain a defined amount 
of hysteresis. Conventional comparators employing positive 
feedback can be used to generate hysteresis as shown below: 
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Figure 22. 


Drawbacks of this technique include: 
1. Response time of hysteresis loop = comparator propagation 
delay. 


2. Hysteresis varies with Voy and Voy changes. 
3. Hysteresis is not.centered about zero unless an additional 
reference is used. 


By utilizing the latch function on the Am685, Am686 and 
Am687, hysteresis can be inserted in a manner to overcome 
these drawbacks; namely: ‘ 
1. Response time of hysteresis loop << propagation delay.: 


2. Hysteresis not affected by VQH and VoL changes. 

3. Hysteresis is symmetrical about zero. 

4, Full input differential capability maintained over complete 
common mode range. ; 


The hysteresis is obtained by applying a slight bias to the latch 
inputs. The technique is illustrated in the test circuit shown 
for the Am687. 


Vin = 50 —300mV 5.5 
f= 1kHz 
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Figure 23. 
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Am685/Am686/Am687 


The hysteresis is essentially symmetrical about zero and 
between t5 and t50mvV of hysteresis can be generated before 
the relationship between the latch voltage and the thresholds Vy = 120mVv 
become too sensitive. 


Vy = 20mVv 


The hysteresis is independent of changes in the positive supply 
voltage and the input common mode range and varies only 
with changes in temperature and negative supply voltage. 


(Vv) 
NEGATIVE SUPPLY 
VOLTAGE 


78 
-1.0 

-2.0 

Vy = 20mv 

-3.0 
~HYSTERISIS -4.0 
+HYSTERISIS -5.0 : 
Vig = 120mV ; LIC-187 


mV Vin 





Sein Figure 25. Change in Hysteresis Versus Change in 
Negative Supply Voltage. 


VotV) 


> 

E 

jl 
9 
Q 
[oad 
w 
= 
Ww 
> 
= 


V4q = 80MV 
Vy = 30mV 


Vy = 1SmV 


-100 -80 +60 -40 -20 20 40 60 80 


OIFFERENTIAL LATCH VOLTAGE (Vp) ~ mV 
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Figure 24. Input Hysteresis Versus Latch Voltage, Ta = 25°C. Figure 26. Change in Hysteresis Versus Case Temperature. 


COMPARATOR PERFORMANCE SPECIFICATIONS 


ELECTRICAL CHARACTERISTICS OVER THE OPERATING 


TEMPERATURE RANGES (Unless Otherwise Specified) Am687A-L  Am687A-M 
DC Characteristics Am687-L Am687-M 
Symbol Parameter Conditions (Note 3) Min. Max. Min. Max. 
NON : NON. Rg § 1002, Ta = 25°C, 


INVERTING INVERTING Input Offset Voitage 
INPUT SNPUT Rg < 1002 


FUNCTIONAL DIAGRAM 





Average Temperature Coefficient 


Rg <1 
of Input Offset Voltage S100 8 





25°C & Ta < Talmax) 
Ta = Talmin) 

25°C <Ta<Taimax} 
Ta = Taimin} 


INVERTING INVERTING Input Offset Current 





Input Bias Current 





6 9 = 
ce CE Input Voltage Range 
LATCH ENABLE LATCH ENABLE Common Mode Rejection Ratio Rg < 1002, -3.3 < Vey < +2.7V 








Lic-134 Supply Voltage Rejection Ratio Rg < 1009, AVg = 15% 
Ta = 25°C 
Ta = Taimin.) 





The outputs are open emitters; therefore external pull-down resistors Output HIGH Voltage 
are required. These resistors may be in the range of 50-2002 Ta * Tal } 
connected to —2.0V, or 200-2002 connected to —5.2V. - - — 
: Ta = 25°C 
Output LOW Voltage Ta = Taimin.) 
Ta*Tatmas) Ags e110) 218 
CONNECTION DIAGRAM | Positive Supply Current . F 32 
Top View 











Negative Supply Current 44 





Power Dissipation ~ a es 450 


Switching Characteristics (Vin = 100mV, Vog 
Talmin) <Ta < 25°C 
Ta * Taimax.) 
Taimin) «Ta < 25°C 
| Ta = Taimax.} 
Minimum Latch Set-up Time Ta = 28°C 


Propagation Delay, AmM687A 





Propagation Delay, Am687 





























INVERTING INVERTING 9 
input Lf LJ] ineur Notes: 2. Derate at 9mW/°C far operation at ambient temperatures above +115°C. 


NON INVERTING NON INVERTING 3. Uniess otherwise specified V+ = #5.0V, V~ = -5.2V, V7 = -2.0V, and Ry = 5082; all switching characteristics are for 8 100mV input step with 
INPUT LIC-136 SmV overdrive. The specifications given for Vos, los. 1g, CMRA, SVAR, thas and tog_ apply over the full Ven range and for £5% supply voltages. 
The Am687 and Am687A are designed to meet the specifications given in the table after thermal equilibrium has been established with a trans: 

Note 1. Pin 6 is connected to bottom of case. verse air tlow of 500 LFPM or greater. 
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Am685/Am686/Am687 


COMPARATOR PERFORMANCE SPECIFICATIONS (Cont.) 


ELECTRICAL CHARACTERISTICS OVER THE OPERATING 
TEMPERATURE RANGES (Unless Otherwise Specified) 


ELECTRICAL CHARACTERISTICS OVER THE OPERATING TEMPERATURE RANGES (unless Otherwise Specified) 


DC Characteristics Am685-L Am685-M 


FUNCTIONAL DIAGRAM 
Symbol. Parameter (see definitions) Conditions (Note 3) Min. Max. Min. Max. Units 


, One Ag < 1002, Ta = 25°C 
input Offset Volta: 
NON INVERTING © output ig a Rs < 1002 

Vv Average Temperature Coefficient 
of Input Offset Voltage 


INVERTING Ta 225°C 
INPUT ea EE Input Offset Current A 





Rg < 1009 








Ta =25°C 
Input Bias Current 





LATCH ENABLE 3 
Input Resistance Ta=25C 


Input Capacitance Ta=25°C 
1 
The outputs are open emitters, therefore external pull- input Voltage Range 
down resistors are required. These resistors may be in Common Mode Rejection Ratio Rg $ 100.2, -3.3 $ Vow $ +3.3V 
the range of 50-200N connected to —2.0 V, or 200— Supply Voitage Rejection Ratio Rg < 1002, AVs = 5% 
20002 connected to —5.2 V. Tat 2c 
Output HIGH Voltage Ta* TA(min. 
LIC-118 ite 
Ta = TA(max.) 
Ta= 25°C 
Output LOW Voitage Ta*Tatmind 
Ta = TAtmax.) 





‘tT 























Positive Supply Current 
Negative Supply Current 

















Power Dissipation 


CONNECTION DIAGRAMS : 

Top Views Switching Characteristics (Vin = 100 mV, Vog = 5mV) 

Metal Can P Dual-In-Line M in ee — 
TAimin.) $ Ta $ 25 

ahbw input to Output HIGH Ta =TAlmax) 

Tatmin.) < Ta < 25°C 

Ta = TAtmax.) 


Hom mve TING INVERTING 4 T. <Ta< 25°C 
] iMeUT Latch Enable to Output HIGH Almin) STA 
b—« 





NON INVERTING. input to Output LOW 
1WPUT CF 


INVERTING {Note 4) Ta™ TA(max.) 
Latch Enable to Output LOW Taimin.) $ TA < 25°C 
ENABLE (Note 4) Ta = TAtmax.) 
Talmin.) < Ta < 25°C 


Minimum Set-up Time {Note 4} 
Ta = TAimax.) 





Note 1: On metal package, pin S is connected to case. 


On DIP, pin B is connected to case. [th =| Minimum Hold Time (Note 4) Tatmin) $ TA S Tatmax.) 


eeteh Minimum Latch Enable Pulse Width | Ta{min.) <Ta < 25°C 
LIC-120 LIC-121 me (News 4) Ta = TA(max.) 











NOTES: 2: For the metat can package, derate at 6.8 mW/C for operation at ambient temperatures above +100°C; for the dual-in-line package, derate st 

9 mWPC for oF jon at ambient temperatures above +105°C, 

js Unless otherwise specified V* = 6.0V, V- = -5.2V, VT = -2.0V, and AL = 50M; all switching characteristics are for 8 100 mV input step with 
5 mV overdrive, The specifications given for Vos, low |g. CMAR, SVAR, tog+ and tpg. apply over the full Vom range and for 25% supply 
voltages. The Am685 is designed to meat the specificetions given in the table after thermal equilibrium has been established with » transverse 
air flow of 500 LFPM or greater, 

+ Owing to the difficult and critical mature of switching measurements involving the latch, these parameters can not be tested in production. 
Engineering data indicates thet at least 95% of the units will meet the specifications given. 


ELECTRICAL CHARACTERISTICS OVER THE OPERATING 
TEMPERATURE RANGES (Unless Otherwise Specified) 


Symbol Parameter Conditions (Note 3) Am686-C 


FUNCTIONAL DIAGRAM . : Rg < 1002, Ta = 25°C . ; mV MAX, 
Vos Input Offset Voltage Rg< 1002 : : mV MAX. 





Average Temperature Coefficient VPC MAX, 
AVos/OT of Input Offset Voltage Aig 51008 ave : 





25°C < Ta <TaA (max) ; 0 | MAMAX. 


los Input Offset Current 5 
NONANVERTING @ourrut Ta = TA (min.) : HA MAX, 
ANPUT 25°C < Ta < TA (max.} HA MAX, 


Ig Input Bias Current Ta=Tatmin) uA MAX. 








Murs Qoureur Input Voltage Range : af VMIN. 








Common Mode Rejection Ratio Rg < 1002, -3.3V <Voqm<+27V | | dB MIN. 


—— - a 
Supply Voltage Rejection Ratio Rs < 1002 dB MIN, 
LATCH'ENABLE Output HIGH voltage IL = -1.0mA, Vg = Vg (min.) , } V MIN, 
ane eee Gre Se as : 1 
Output LOW Voltage I, = 10MA, Vg = Vg (max.) . . VMAX. 

LIC-189 : |) MS 100 Liss 

Positive Supply Current mA MAX, 
Negative Supply Current mA MAX. 


Power Dissipation : mW MA 









































CONNECTION DIAGRAMS 
Top Views 


Metal'Can Dual le-Elne Switching Characteristics (vt = +5.0V, V~ = -6.0V, Vin = 100mV, Vog = 5.0mV, CL = 15pF) (Note 4) 


Propagation Delay, ” Ta (min) $ Ta < 25°C 
Input to Output HIGH Ta = TA (max.) 





ANNE PUT NOM INVERTING : Prapegstion Daisy, Ta (min) < Ta $ 25°C 
venting wv ERTING input to Output Tas TA (max) 
INPUT iveut CY = : 








Difference in Propagation Delay Ta- 25°C 
between Outputs 
varca 7 
ENABLE For the metal can package, derate at 6.8mW/°C for operation at ambient temperatures above +95°C; for the dual-in-line package, derate at 
a9mWw/°C for operation at ambient temperatures above 115°C. 
aa . Uniess otherwise specified, V* = +5.0V, V~ = —6.0V and the Latch Enable input is at VoL. The switching characteristics are for s 100mV 
Note 1: On metal Package, pin 5 is connected to case. input step with 5.0mV ovardrive. 
On DIP, pin 6G is connected to case. . The outputs of the Am686 are unstable when biased into their linear range. In order to prevent oscillation, the mte-of-change of the input signal 
as it passes through the threshold of ti st 1V/us. For slower input signats, a smatl amount of ex ternal positive feedback 
LIC-131 LIC-132 may be applied around the comparator to give a few mitlivolts of hysteresis. 
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Am1500 


Dual Precision Voltage Comparator 





Distinctive Characteristics 


@ The Am1500 is functionally, electrically, and pin-for- 
pin equivalent to the National LH2111 

® Output Drive — 50V and 50mA 

@ !nput Bias Current — 150nA max. 


FUNCTIONAL DESCRIPTION 


The Am1500 is a voltage comparator featuring low input 
currents, high differential and common mode voltage ranges, 
wide supply voltaga range, and outputs compatible with all 
bipolar and MOS circuitry. The inputs and outputs can be 
isolated from system ground, and the output can drive loads 
referred to ground or either supply. Strobing and offset 
balancing are available and the outputs can be wire-ORed. 


® Input Offset Voltage — 4.0mV max. 
e@ Differential Input Voltage Range — +30V 
e Reduced size and weight 


FUNCTIONAL DIAGRAM 
(each half) 


vty COLLECTOR 


OUTPUT 
Ve 
NON-INVERTING 
INPUT 


INVERTING 
INPUT 
VE 
EMITTER 
BALANCE/ OUTPUT 
STROBE 


BALANCE 


LIC-138 


CONNECTION DIAGRAMS 
Top Views 


Hermetic 
Dual In-Line 
D-16-1 


Vt - 3 nc. 


Flat Package 


EMITTER OUTPUT - AL] 
NON INVERTING INPUT — A[_] 
INVERTING INPUT —- A{_] 


BALANCE - 8(_] 


BALANCE/STROBE - 8 
COLLECTOR OUTPUT — B[ ted 


LIC-139 


Part F 
Number 


Am1500C 


Am1500L. 


Am1500M 


[JCOLLECTOR OUTPUT ~ A 
[ JBALANCE/STROBE - A 
4 BALANCE -A 


TJ COLLECTOR OUTPUT —A 


L_IJINVERTING INPUT - B 
| JNON-INVERTING INPUT - 8 


TJEMITTER OUTPUT ~ B BALANCE/STROBE - BD__}7 


COLLECTOR OUTPUT —- BL__]J 


Note: Pin 1 is marked for orientation. 


LIC-140 


ORDERING INFORMATION * 


Order 
Number 


Package 
Type 


Hermetic DIP 
Flat Pak 


Hermetic DIP 
Flat Pak 


Hermetic DIP 
Flat Pak 


Temperature 
Range 


AM1500DC 
AM1500FC 


AM1500DL 
AM1500FL 


AM1500DM 
AM1500FM 


Oto +70°C 
0 to +70°C 


—25 to +85°C 
—25 to +85°C 


—55 to +125°C 
—55 to +125°C 


*Also available with burn-in processing. To order add suffix B to part number. 
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Am1500 
MAXIMUM RATINGS 





























Voltage from V* to V~ 36V 
Voltage from Collector Output to V— 

Am1500M, L . 50V 

Am1500C 40V 
Voltage from Emitter Output to V— 30V 
Voltage between Inputs +30V 
Voltage from Inputs to V— +30V, —0V 
Voltage from Inputs to V* -30V 
Power Dissipation (Note 1) 500mW 
Output Short Circuit Duration 10 sec 
Operating Temperature Range ; 

Am1500M : 55°C to +125°C 

Am1500L . -25°C to + 85°C 

Am1500C O°C to+ 70°C 
Storage Temperature Range , -65°C to +150°C 
Lead Temperature (soldering, 10 sec) 300°C 





ELECTRICAL CHARACTERISTICS 


(Ta = 25°C unless otherwise specified) (Note 2) 


Am1500M 
Am1500C Am1500L 
Parameter (see definitions) Conditions Min. Typ. Max. Min. Typ. Max. Units 











Input Offset Voltage (Note 3) beast ee pee 2.0 75 0.7 3.0 
Input Offset Current (Note 3) Peet 6.0 50.0 4.0 10.0 
Input Bias Current (Note 3) ee et eee oll 100 250 60 100 


Response Time (Note 4) Ri. = 5002 to +5V, Ve =0 200 200 | ons | 
Supply Current—Positive (Note 5) 7.0 15.0 7.0 12.0 mA 
—Negative (Note 5) 48 10.0 4.8 10.0 
Vin <—5.0mV, Ig = 50mA 0.75 1.5 . 
Vin <—10mV, Ic = 50mA 0.75 1.5 


Saturation Voltage 
Vin 2 +5.0mV, Vc to VE = 5S0V 0.2 10.0 ak 
Vin 2 +10mV, Vc to VE = 40V 0.2 50.0 






























Output Leakage Current 


Input Offset Voltage (Note 3) 
Input Offset Current (Note 3) 
Input Bias Current (Note 3) 


; in < —6.0mV, Ic = 8.0mMA 


Output Leakage Current 















Input Voltage Range 











Supply Current—Positive (Note 5) 
—Negative (Note 5) 





Notes: 1, For the Flat Package derate at 6.5mW/°C for operation at ambient temperatures above 83°C, and the Dual-In-Line at 9mW/C for operation at 
ambient temperatures above 95°C. : 
2. Unless otherwise specified, these specifications apply for Vt = +415V, V— = —15V, Ve = —15V, and R__ at collector output =7.5kQ2 to +15V. 
3. The offset voltage, offset current and bias current given are the maximum values required to drive the collector output to within 1V of the supplies 
; with a 7.5kQ load. These parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 
4. The response time specified (see definitions) is for a 100MmV input step with 5.0mV overdrive. . 
5. The Am1500 supply current is the sum of the supply currents required by each side. 
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Am1500 


PERFORMANCE CURVES 


Input Bias Current Input Offset Current Offset Error 





































































































INPUT BIAS CURRENT- nA 
INPUT OFFSET CURRENT—nA 


























EQUIVALENT INPUT OFFSET VOLTAGE-mV 


ie) i?) 
~55 -35-15 5 25 45 65 85 105 125 -§5-35-15 5 25 45 65 85 105 125 100k 
TEMPERATURE-°C TEMPERATURE — °C INPUT RESISTANCE-2 


Response Time For 
Common Mode Limits Transfer Function Various Input Overdrives 





OUTPUT 
20f-R, = 6000 ~ 


| | ft TIN 
| ft TN 
A a a aS 


Vv 
~85 -35 -15 5 25 45 65 85 105 125 -1 0 
TEMPERATURE -°C DIFFERENTIAL INPUT VOLTAGE -mV TIME- us 


COMMON MODE LIMITS-V 
OUTPUT VOLTAGE -V 


























INPUT VOLTAGE-mV OUTPUT VOLTAGE-V 


Response Time For Response Time For Response Time For 
Various Input Overdrives Various Input Overdrives _Various Input Overdrives 
























































INPUT VOLTAGE-mV OUTPUT VOLTAGE-V 
INPUT VOLTAGE-mV OUTPUT VOLTAGE-V 
INPUT VOLTAGE-mV OUTPUT VOLTAGE-V 





TIME-ys 


Supply Current Leakage Current 


0 4+—4- 
‘ TPOSITIVE SUPPLY, 

OUTPUT LOW, 
8 























NEGATIVE SUPPLY 


POSITIVE SUPPLY 
OUTPUT HIGH 











SUPPLY CURRENT-mA 
SUPPLY CURRENT-mA 
LEAKAGE CURRENT-A 












































te) 
+5 +10 -§5 -35-15 5 25 45 65 85 105 125 


SUPPLY VOLTAGE -V : TEMPE RATURE-°C TEMPERATURE ~°C LIC-141 





6-48 


APPLICATIONS 


Strobing 






TTL 


2N2222 STROBE 


LIC-142 


Offset Balancing 


1k2Q 





LIC-144 





Strobing Off Both 
Input and Output Stages** 






TTL 


2N2222 STROBE 


— LIC-143 


Increasing Input 
Stage Current* 


vt 


LIC-145 


*Increases input bias current and common-mode siew rate by a factor of 3. 


**Typical input current = 50pA with inputs storbed OFF. 
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Am1500 





LH2111/2211/2311 


Dual Precision Voltage Comparator 





Distinctive Characteristics 


@ The LH2111/2211/2311 are functionally, electrically, @ Input Offset Voltage — 4.0mV max. 
and pin-for-pin equivalent to the National LH2111/ @ Differential Input Voltage — +30V 
2211/2311 e@ Reduced size and weight 

® Output Drive — 50V and 50mA 


® Input Bias Current — 150nA max. 


FUNCTIONAL DESCRIPTION ‘FUNCTIONAL DIAGRAM 
(Each Half) 
The H2111/2211/2311 are voltage comparators featuring 
low input currents, high differential and common mode 
voltage ranges, wide supply voltage range, and outputs com- vty COLLECTOR 
patible with all bipolar and MOS circuitry. The inputs and pute 
outputs can be isolated from system ground, and the output NON-INVERTING Ve 
can drive loads referred to ground or either supply. Strobing INPUT 
and offset balancing are available and the outputs can be 


wire-ORed. INVERTING 
INPUT 


VE 
EMITTER 
BALANCE BALANCE/ OUTPUT 
STROBE 
04173A-1 


CONNECTION DIAGRAMS 
Top Views 
Hermetic 
Dual In-Line Flat Package 


04173A-3 
04173A-2 


ORDERING INFORMATION 


PartNumber Package Type Temperature Range Order Number 


LH2311 Hermetic DIP 0 to +70°C _ LH2311D 
LH2311 - Flat Pak 0 to +70°C LH2311F 
LH2211 Hermetic DIP —25 to +85°C LH2211D 
LH2211 Flat Pak ; —25 to +85°C LH2211F 
LH2111 Hermetic DIP —55 to +125°C LH2111D 
LH2111 Flat Pak - —55 to +125°C LH2111F 
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LH2111/2211/2311 
MAXIMUM RATINGS 
































Voltage from Vt to V—~ — 36V 
Voltage from Collector Output to V— 

LH2111/LH2211 50V 

LH2311 : 40V 
Voltage from Emitter Output to V— : 30V 
Voltage between Inputs - +30V 
Voltage from Inputs to V— : ; +30V, —0V 
Voltage from Inputs to Vt | —30V 
Power Dissipation (Note 1) 500mWw 
Output Short Circuit Duration 10 sec 
Operating Temperature Range 

LH2111 —55°c to +125°C 

LH2211 —25°C to +85°C 

LH2311 0°C to +70°C . 
Storage Temperature Range —65°C to +150°C 
Lead Temperature (soldering, 10 sec) ~ 300°C 





ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise specified) (Note 2) 


LH2111 
LH2311 LH2211 
Parameter (see definitions) Conditions Min. Typ. Max. Min. Typ. Max. 












Input Offset Voltage (Note 3) 





Input Offset Current (Note 3) 


Response Time (Note 4) Ri = 5002 to +5V, Ve =0 


Supply Current—Positive (Note 5) 
—Negative (Note 5) 
Voltage Gain 


aa eater Vin <—5mV, Ico = 50mA 
Se ee ree VIN < —10mV, tc = 50mA 
VIN 2 tSmV, Vc to VE = 50V 


Vin = +10mV, Vc to Ve = 40V 
The Following Specifications Apply Over The Operating Temperature Ranges 


Input Bias Current (Note 3) eee 


Output Leakage Current 








N 
id ‘ 
3 
> 


Tino Orservoraseinows | —SSC=~dSC‘“‘izL Cd OO SC*d 
inp OrserCureneiNowa |S iE | oa] 
VIN < ~6mV, Ic = 8mA ee ee ee ee 
mae pete} ee 
Output Leakage Current VIN 2 t6mV, Vc to Ve = 50V eae eee ee ees ee ae 
' Input Voltage Range ae Seinen! +13 +14 fs || +13 +14 ie at Se 

Supply Current~Positive (Note 5) _ ee ees Ee) ee ee 12.0 
chemmememe, [TARE pp 





lotes: 1. For the Flat Package derate at 6.5 mwW/C for operation at ambient temperatures above 83°C, and the Dual!-In-Line at 9 mw/C for operation at 
ambient temperatures above 95°C. a 

. Unless otherwise specified, these specifications apply for Vt = 15V, V— = —15V, Ve = —15V, and R,_ at collector output = 7.5kQ to +15V. 

. The offset voltage, offset current and bias current given are the maximum values required to drive the collector output to within 1V of the sup- 
plies with a 7.5kQ2 load. These parameters define an error band and take into account the worst case effects of voltage gain and input impedance, 

. The response time specified (see definitions) is for a 100mV input step with 5mV overdrive. 

. The LH2111 supply current is the sum of the supply currents required by each side. 
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ON 


an 






LH2111/2211/2311 


INPUT BIAS CURRENT- nA 


COMMON MODE LIMITS-V 


INPUT VOLTAGE-mV OUTPUT VOLTAGE-V 


Input Bias Current 


Pt Tt tvs~stsv 
[tat | | 








it) 
~55 -35-15 5 25 45 65 85 105 125 


oa 


oO 


hb 


NO 








TEMPERATURE-°C 


Common Mode Limits 








ae Ged He 

ee es 

55-35 -15 5 25 45 65 85 105 125 
TEMPERATURE ~°C 


Response Time For 
Various Input Overdrives 




















TIME-ys 


' Supply Current 








POSITIVE SUPPLY 
OUTPUT HIGH 








+5 tio 415 
SUPPLY VOLTAGE-V 


INPUT VOLTAGE-mV OUTPUT VOLTAGE-V 


20 

ai6 

E 

5 

G12] 
= Pa 
3 8 pe 
> 

mn 4 
5 P NEGATIVE SUPPLY | 


PERFORMANCE CURVES 


Input Offset Current 



































< 

c 

4 

i 

2 

w 

c 

c 

2 

Oo 

bt 

WwW 

wn 

a 

° 

io 

> 

a 

7 
-§5-35 -15 5 25 45 65 85 105 125 

TEMPERATURE -°C 
Transfer Function 

> 

: 

o - 

& = 40V 

° (LH2311) 

> 

& 

> 

a 

J 

3 Vg 2 30V 
gg a RF 
pL LLIN TT 


-1 -5 0 5 1 
DIFFERENTIAL INPUT VOLTAGE -mV 


Response Time For 
Various Input Overdrives 











TIME-ys 


Supply Current 



















| 
positive surety] [|| | 
taucuenee 





TEMPERATURE-°C 
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Q 
-55 -35-15 5 25 45 65 85 105 125 


LEAKAGE CURRENT—-A 


INPUT VOLTAGE-mV OUTPUT VOLTAGE-V EQUIVALENT INPUT OFFSET VOLTAGE-mV 


INPUT VOLTAGE-mV OUTPUT VOLTAGE-V 





Offset Error 
































“10k 100k iM 10M 
INPUT RESISTANCE-2 


Response Time For 
Various Input Overdrives 











0 0.2 0.4 ‘0.6 08 
TIME- us 


Response Time For 
Various Input Overdrives 




















TIME -ys 


Leakage Current 




















TEMPERATURE~C 
04173A-4 


LH2111/2211/2311 





APPLICATIONS 
Strobing Strobing Off Both 
, Input and Output Stages** 
TTL 
eeNeete STROBE 
TTL 
2Nez22 STROBE 
= 04173A-5 
i 04173A-6 


Offset Balancing . Increasing Input 
Stage Current* 





04173A-7 


*Increases input bias current and common-mode slew rate by a factor of 3. 
**Typical input current = 50pA with inputs strobed OFF. 
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Am6685 


¢ AM6687 


Ultra Fast Voltage Comparators 
Linear Integrated Circuits 
PRELIMINARY DATA 


DISTINCTIVE CHARACTERISTICS 


e@ 2.5ns maximum propagation delay at 5mV overdrive 
e Complementary ECL outputs 

®@ 502 line driving capability 

@ 1ns latch setup time 


FUNCTIONAL DIAGRAM (Am6687) 
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INPUT 
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(NPUT QOUTPUT QOUTPUT 


O 
INVERTING 
INPUT 


Oo O 
INVERTING 


—— 
LATCH ENABLE 


ATCH ENABLE 
ee 03942A-1 


Vt 


The outputs are open emitters; therefore external pull- 
down resistors are required. These resistors may be in the 
range of 50-200 connected to —2.0V, or 200—20000 
connected to —5.2V. 


NON INVERTING 
INPUT v 


INVERTING 


S output INPUT 


Q OUTPUT 


O Onc 
ENABLE O 
v- 


FUNCTIONAL DESCRIPTION 


The Am6685/87 are ultra fast dual voltage comparators 
constructed on a single silicon chip with the advanced 
IMOX™ process. The circuits feature very short propaga- 
tion delays as well as excellent matching characteristics. 
Each comparator has differentia! analog inputs and com- 
plementary logic outputs compatible with most forms of 
ECL. The output current capability is adequate for driving 
terminated 500 transmission lines. The low input offsets 
and short delays make these comparators especially suit- 
able for high-speed precision analog-to-digital processing. 


The Am6685 is a single comparator, with V+ specified at 
+6V, while the Am6687 is a dual comparator, with V+ 
specified at +5V. Separate latch functions are provided to 
allow each comparator to be independently used in a 
sample-hold mode. The Latch Enable inputs are intended 
to be driven from the complementary outputs of a standard 
ECL gate. If LE is HIGH and CE is LOW, the comparator 
functions normally. When LE is driven LOW and LE is dri- 
ven HIGH, the comparator outputs are locked in their 
existing logical states. If the latch function is not used, LE 
must be connected to ground. - 


QOUTRUT INVERTING (~] 


INPUT 


Q OUTPUT 


03942A-3 


Note 1. On metal package, pin 5 is connected to case. 
On DIP, pin 8 is Connected to case. 


ORDERING INFORMATION* 
Order 
Number 
Single 


Am6685HM 
Am6685DM 
Am6685LM 
Am6685XM 


Am6685HL 
Amé6685DL 
Am6685LL Am6687LL 
Am6685XL Am6687XL 


* *Also available with burn-in processing. To order, add 
suffix B to the part number. 
**Availability of Leadless packages will be announced. 


Package 
Type 
Metal Can 
Hermetic DIP 
Leadless** 
Dice 
Metal Can 
Hermetic DIP 


Leadless** 
Dice 


Temperature 
Range 


—55 to + 125°C 
—§5 to + 125°C 
—55 to +125°C 
—55 to +125°C 


—30 to +85°C 
—30 to +85°C 
—30 to +85°C 
—30 to +85°C 


Dual 


Am6687DM 
Am6687LM 
Am6687XM 


Am6687DL 





IMOX is a trademark of Advanced Micro Devices, Inc. 


Am6687 
CONNECTION DIAGRAMS -— Top Views 
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Note 1. Pin 6 is connected to bottom of case. 
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Am6685/Am6687 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Positive Supply Voltage —-7V 
Negative Supply Voltage -7V 
Input Voltage ; , +4V 
Differential Input Voltage +6V 


Output Current 30mA 
iS oes 6685 : 500mW 
Power Dissipation (Note 2) 

6687 600mWw 
; Military —55 to +125°C 

Operating Temperature Range 
; Industrial —30 to +85°C 
Storage Temperature Range : - ~65 to +150°C 
Lead Temperature (Soldering, 60 Sec.) 300°C 


ELECTRICAL CHARACTERISTICS 
DC CHARACTERISTICS (Ta = 25°C) 


oo Description 


2 Input Offset Voltage 


F AVos/AT | Average Temperature Coefficient of Input Offset Voltage 
Input Bias Current 
: 


Input Resistance 











Input Capacitance 
Output HIGH Voltage 























SWITCHING CHARACTERISTICS (Vin = 100mV, Vop = 5mV) 


Parameters s Description 


Propagation Delay 





Minimum Latch Hold Time 





Minimum Latch Setup Time 
Latch Enable to Output HIGH or LOW 
Latch Enable Pulse Width 


Notes: 2. Derate Dual In-line at 9mW/°C for operation at ambient temperatures above +115°C; metal can, 6.8mW/°C above +95°C., 
3. Unless otherwise specified V+ = +6V for 6685, or +5V for 6687, V~ = —5.2V, V7 = —2.0V, and Ri = 500; all switching characteristics are 
for a 100mvV input step with 5mV overdrive. The specifications given for Vog, Ios, |p, tod+ and tod— apply over the full Von 
range and for +5% supply voltages. These devices are designed to meet the specifications given in the table after thermal equilibrium has 
been established with a transverse air flow of 500 LFPM or greater. 











High-Speed Window Detector TYPICAL APPLICATION 7 
(Ta = 25°C) c jo vit : BI S00mY civ 
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Power Supply Controllers — Section VII 


Am6300 Power: Contvol SUDSYSIEM soi gees Sala vetebin eaetideas era nhe aaa 7-1 
Power Supply Control Subsystem ...................0 eee eee 7-9 
Power Supply IC Programs E27PROMS.................... eevee 7-17 
Am6301 . Switching Power Supply Controller ............ ccc een eee eee 7-19 
Controller IC Sacrifices Nothing to Improve Regulation........... 7-30 
5 Voit 100 Watt Line Operated Supply with PURIAry Output....... 7-37 


Testing of Feed-Forward Control 
Symmetry Correction ........ ‘ware acareldd pateiiginesnte btesae dekh wan ue ee 7-43 


Am6300 


Power Control Subsystem 


DISTINCTIVE CHARACTERISTICS 


@ 2.5V +0.25% temperature compensated reference 

e@ Versatile 100mA output for driving external NPN or PNP 
power transistors 
Thermal shutdown 
Logic control power up enable 
Programmable delay and rise time for power supply 
+5% or + 10% over/under voltage detection/protection 
Programmable current limit detection/protection 
Programmable delays for the over/under voltage and 
current shutdown circuits 
Status outputs for fault conditions 


BLOCK DIAGRAM 
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CONNECTION DIAGRAM — Top View 
D-20-1, P-20-1 


20[_] VEour 
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Pin 1 is marked for orientation. . 
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GENERAL DESCRIPTION 


The Am6300 Power Control Subsystem consists of a reg- 
ulator section, an over/under voltage detection section, a 
current limit section and a reset and control section. 


The regulator section contains a complete series pass vol- 
tage regulator with thermal shutdown, which uses external 
resistors to set the output voltage. Both the collector and 
emitter of the regulator output transistor are available to the 
user for flexibility in driving external power devices. The 
regulator also contains a precision, trimmed 2.5 volt refer- 
ence which is capable of supplying 5mA of current for ex- 


' ternal purposes in addition to controlling the regulator and 


generating over and under voltage references. 


The over/under voltage section compares the voltage at the 
sense input of the regulator to the internal reference and 
determines if the difference exceeds the user programmed 
limits, +5% or +10%. lf one of the limits is exceeded for a 
period longer than the user programmed delay, the reg- 
ulator shuts down and:the voltage alarm output is activated. 
The regulator is reset by activating the power down inputs 
or removing power from the device. 


The current limit section detects overload current by means 
of an external sense resistor in series with Vij, GND, or the 
output of the regulator. The user programs the threshold of 
this detection circuit with external resistors. The regulator 
shuts down if a current overload is detected for a period 
longer than a user programmed delay and the current alarm 
is activated. The regulator is reset by activating the power 
down inputs or removing power from the device. 


The reset and control section provides to the user, the abil- 

ity to turn the regulator on and off by logic control. The start 

up of the regulator is delayed by a user programmed inter- 

val after the power up signal is received. After this delay the 

regulator output ramps up at a rate which is also determined 

by the user. When the output voltage levels off at the preset 

value, the over/under voltage and current limit circuits are” 
activated and a power up output is activated which can be 

used to signal to the user that the supply is operating or 

enable other circuits. 


‘The Am6300 allows the user a great deal of flexibility in 


power supply configuration and control. It can be operated 
locally or remotely in a stand alone configuration or with 
external power transistors to increase the output current. 
The Am6300 can be cascaded with other Am6300s for a 
sequenced supply application. 


ORDERING INFORMATION 
Package Type Temperature Range Order Number 
Hermetic DIP —55 to +125°C AM6300DM* 
Hermetic DIP 0 to +70°C AM6300DC* 
Plastic DIP 0 to +70°C AM6300PC 





*Also available with burn-in processing. To order add suffix B 
to part number. 
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Am6300 
MAXIMUM RATINGS 


Pulse Voltage at V+ (50ms) 50V Input Voltage (all pins) Gnd to Vin 
Continuous Voltage at Vin 40V Maximum Output Current ; -  100mA 
Input-Output Voltage Differential 37.5V Internal Power Dissipation 1000mW (Note 1) 





ELECTRICAL CHARACTERISTICS (Note 2) . 
Parameters Description Test Conditions Min Typ Max Units 
Voltage Regulator 


AVout/Al l= 1mA to SOMA 
Voltage Reference 

AVper/AVin Vin = 12 to 40V 
AVrer/AlREF IREF = 1mA to 5mA 


Oto 70°C 
—55 to +125°C 
Short Circuit Current Vrer = OV 


Current Overload Circuit 
Vis(diff)/ VoL 


+1.0 %Vout 
Ta = 25°C 
Ta = 25°C 
Ta = 25°C 


%VOUT 
%VOUT 


74 


bb 
o 


= 


Volts. 
Volts 
Volts 


37.5 
37.5 





3 
> 






2.480 


ele eee 
sao |r 


AVrer/ATa Temperature Stability ppm/°C 


tH 
> 


Trip Point Ratio 


_ ps [*s | w_] 
«vee | 


Volts 
Volts 


Trip Point Input Range 


9° 


< 
+23 


Vig (diff) 
CMVR 


Sense Voltage Input Range 


Sense Input Common Mode Range N 


Vig = OV to +2V 
Vis = +2Vto Vin 


IBIAS Input Bias Current (IS+, IS—) 


+ 
a 


les 
= 


+20 
Input Offset Current (1S+, IS—) 
Input Bias Current (Vc_) 





IBIAS 


.s 
> 


a 


Voltage Protection Circuit 
+5% Error Trip Point 
5% Error Trip Point 
+10% Error Trip Point | 
—10% Error Trip Point 


Ose, = 5V 
Use = 5V 
Ose = OV 
Use = OV 


%VOUT 
%VOUT 
%VOUT 
%VOUT 


ea 
= 


Notes: 1. Power dissipation ratings apply for Ta = 25°C. Derate linearly at 8mW/°C above 25°C for commercial parts and above 50°C for military parts. 
2. All specifications are for Vin = 12V, Vout = 5V, lout = 1mA, IREF = IMA and over the operating temperature range unless 
otherwise specified. 
3. Includes all errors associated with on-chip reference source and temperature effects. 
4. Digital Inputs are PDN, PDR, OSEL, USEL 
Digital Outputs are Val aro, IALARM, PE. 


l 
= 
o 






Digital Characteristics (Note 4) 
Input High Level 


V Input Low Level 


rc 


a 
= 


lo. = 5mA 
VoL Open Collector Output Voltage . 
lo. = 15mA 
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Am6300 
TIMING CHARACTERISTICS 


Parameters Description Test Conditions Min Typ Max Units 


t t Current Overload and Voltage Without external cap al 
IRE ne Error Power Down Delays With external cap, additional delay ae 
Without external cap et 


Power Up Delay (Note 5) 


With external cap, additional delay 





Without external cap 


Power Up Rise Time (Note 5 
P ( ) With external cap 


Note: 5. Itis necessary to make the total time tppe_ + tppise greater than the rise time of the supply to the Am6300 to insure proper power up. 





TIMING WAVEFORMS 


NDEL - tppoEL 
Vout 


I 
OVERVOLTAGE tprise os CURRENT tPRISE 


ERROR OVERLOAD 





| a, Atl 


(ALARM | ; | 
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Am6300 FUNCTIONAL PIN DESCRIPTION 
Symbol 
VREF 


Function 


Reference Voltage Output — The output of the inter- 
nal, precision, 2.5 volt reference. 


Output Transistor Emitter — The emitter of the reg- 
ulator output transistor. 


VEout 


Output Transistor Collector. — The collectors of the 
regulator output transistor. 


SENSE|j Voltage Sense Input — A divided down portion of the 
output voltage is fed back into the regulator through 
this pin. The regulator adjusts the output so that this 
value equals the internal reference voltage, 2.5 volts. 
This voltage is also used in the over/under voltage 
detection circuit. 


VCout 


Over Voltage Limit Select — This input selects the 
over voltage limit. A logic 1 selects a +5% limit anda 
logic 0 selects a +10% limit. 


Under Voltage Limit Select — This input selects the 
under voltage limit. A logic 1 selects a —5% limitanda 
logic 0 selects a —10% limit. 


Current Limit Voltage Input — This input is used to set 
the differential threshold of the current limit detection 
circuit. The threshold will be equal to half of the volt- 
age on this pin. 


Positive and Negative Current Sense Inputs — The 
differential voltage across the current sense resistor 
is applied to these inputs and compared to the current 
limit threshold. 


Current Limit Delay Control. — The delay time during 
which the current limit can be exceeded without shut- 
ting down the regulator is proportional to the value of a 
capacitor placed between this pin and ground. 


Voltage Limit Delay Control — The delay during which 
an over or under voltage limit can be exceeded with- 
out shutting down the regulator is proportional to the 
value of a capacitor placed between this pin and 
ground. 


APPLICATION HINTS 


Figure 1 shows the Am6300 configured as a stand-alone, low 
current regulator. The output voltage is determined by the value 
of R;. Various output voltages and corresponding values of R, for 
a fixed output voltage regulator are shown in Table 1. 


If itis desired to be able to adjust the regulator output slightly to 
compensate for the resistor tolerances, Ry and Rp may be re- 
placed with the circuit shown in Figure 2. Table 1 also contains 
values of R; for an adjustable output regulator. The values shown 
will allow approximately +10% adjustment of the regulator output. 


Also shown in Table 1 are minimum values of Vjy which will 
provide the minimum required input to output differential at each 
output voltage specified. Additionally the maximum value of Vin 
which will meet the maximum power dissipation requirements is 
shown in Table 1, for limit Set to SOMA at 25°C. 


Should the user desire to set up his own unique output voltage the 
following equation is used to determine the ratio of R, to Ro: 


Ry _ Wout — 2.5) 
Ro 2.5 


The values of Ry and Ro should be large enough to minimize the 
load on the regulator output, but sufficiently small to minimize the 


Symbol Function 


Vactarnm Voltage Limit Alarm — This open collector output goes 
low when the regulator shuts down due to an over or 
under voltage limit being exceeded. The Vai arm Out- 
put is reset by taking the Ppp or Ppy input low or by 

_removing power from the Am6300. 


Current Limit Alarm — This open collector output goes 
low when the regulator shuts down due to the current 
limit being exceeded. The la; arn output is reset by 
taking the Por or Ppy input low or by removing power 
from the Am6300. 


Power Down Reset (With Delay) — An active low input 
on this pin shuts the regulator down and resets the 
voltage and current alarms. When this input is taken 
high again the regulator begins to power up after a 
user programmed delay. 


Power Down Reset (Without Delay) — An active low 
input on this pin shuts the regulator down and resets 
the voltage and current. alarms. When this input is 
taken high again the regulator begins to power up with 
no delay. 


Power Up Delay Contro! — A capacitor between this 
pin and ground sets the delay which occurs after Pog 
is taken high and before the regulator begins to power 
up. The delay time is proportional to the capacitor 
value. 


Power Up Rise Time Control — A capacitor connected 
between this pin and ground controls the rate at which 
the regulator output rises after the regulator has been 
enabled. The rise time is proportional to the value of 
the capacitor. 


Power Up Enable — This open collector output goes 
high when the regulator output voltage has reached 
its full value. It can be used as a signal to the user that 
the regulator is operating or to enable other devices. 


effects of the bias current to the SENSEj;jy input. In Figure 1 this 
current is 1mA which is only 2% of the output current and 500 
times greater than the SENSEjj bias current. 


The over/under voltage detection circuit of the Am6300 shown in 
Figure 1 has been set to detect voltage excursions of +10% of 
Vout by connecting the Ose, and Use, inputs to ground. The 
voltage detection limits may be reduced to 5% by connecting 
either or both of these inputs to Viy through a 5k resistor. 


The current overload detection limit has been set to 50mA in 
Figure 1. The limitis set by the values of R3 and R, andis detected 
by Rg. Rg and R, divide down the 2.5 volt reference and the result 
is applied to the Voy input. The current limit is detected when the 
differential across Rg exceeds the voltage at VoL divided by 
two. The following equation is useful for calculating the ratio of’ 
R3 to Ra, 


Rg 2.5 <4 
2(ILimit) (Rs) 


The value of Rg should be selected so that the product of Rg and 
lLimit is less than or equal to 0.2 volts. 





Am6300 


APPLICATION HINTS (Cont.) 


The delays associated with the over/under voltage detection, the 
current overload detection and the power up circuitry have been 
set with four external capacitors in Figure 1. The 0.14F capacitors 
produce approximately 20ms of delay in each function. 


Figure 1 also shows the use of LEDs for indicators on the alarm 
outputs of the Am6300. The values of the current limit resistors, 
Ret, is determined by the value of V;x selected by the user to 
supply the proper operating current to the LEDs. 


The Am6300 can also be used in high current applications by 
adding external pass transistors. Figures 3 and 4 show config- 
urations using external NPN and PNP pass transistors. The val- 
ues of R, shown in Table 1 may be used for both fixed and 
adjustable configurations. The current overload detection limit 
has been set to 2 amps for both Figure 3 and 4 configurations. 


ALARM 


Vin(MAX) is the max supply voltage which will still meet max internal 
power dissipation at 25°C with Ijax = 50mA: 


Figure 5 shows the Am6300 configured as a programmable volt- 
age regulator interfaced with a microcomputer system. The 
Am6080 is a microprocessor compatible DAC which will sink from 
0 to 2mA of current depending on the eight bits of data which are 
latched internally. This current results in a voltage drop through 
the 10k resistor. Since the regulator maintains the SENSE,y 
input at 2.5 volts, the regulator output will always be equal to 2.5 
volts plus the voltage drop across the 10k resistor. Thus the 
regulator output is digitally adjustable from 2.5 to 22.5 volts. 


The digital inputs to the Am6300 are controlled by the outputs of a 
4-bit latch from the processor data bus. This gives the processor 
full control of the power up/down function and the over/under 
voltage detection limits. The processor can also check the status 
of the three alarm outputs of the Am6300 through a 3-state buffer. 
Since the alarms are open collector outputs, they require 5kQ 
pull-up resistors to the +5 volt supply. 
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Figure 2. Am6300 Output Adjustment Circuit 
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Figure 3. Am6300 High Current Configuration 
External NPN Pass Transistor 
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Figure 4. Am6300 High Current Configuration 
External PNP Pass Transistor 
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Figure 5. Am6300 Programmable Voltage Regulator Resolution ~ 78.5mV/Step 
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The Am6300 Sequenced Supplies 
(Using PpEL) 


Vin 


PDN Vin. = VCour Vin. VCour 


Am6300 #1 . Am6300 #2 

ve 

euE REGULATOR 
OUTPUT 
Your #1 


VEout 


SENSE|y , SENSE\y 


Poe GND Prise PoEL GND PRISE REGULATOR 
OUTPUT 
Vout #2 





Power Supply 
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By Brian Gillings and Charles Miller 
Advanced Micro Devices 





Power Supply Control Subsystem 


INTRODUCTION 


Since the introduction of the monolithic regulator in the mid 
1960's, numerous integrated circuits have been introduced to 
control the voltage regulation of both linear and switching 
power supply systems. The most recent introductions have 
‘combined a high degree of performance with an additional 
monitoring function. 


The Am6300 includes not only the regulator section, but over/ 
under voltage detection, .current limit and power control sec- 
tions, as well. Also included on-chip is a precision 2.5 volt re- 
ference, user defined turn-on delay, settable dV/dt during turn 
on, over/under voltage sensing delay and current limit sensing 
delay. All of these functions allow the user a great deal of flexi- 
bility in power supply configurations and control. The supply 
can be operated locally or remotely, in a stand-alone config- 
uration or with external power transistors to increase the output 


current. The Am6300 can be cascaded with other Am6300s for ~ 


sequenced supply applications. The device also includes inter- 
nal thermal shutdown to keep the device from overheating. 


As systems contain more MSI, LSI and VLS! devices, the 
power supply and regulator sections take up more of the sys- 
tem’s volume. The introduction of regulator ICs, such as the 
uA723, have provided a high degree of performance, with 
added benefits of increased reliability and cost savings but they 
have only addressed the basic function of maintaining a con- 
stant output voltage. Most power supply systems also require 
circuitry for monitoring the performance and protecting the 
system in the event of fault conditions. 


Advanced Micro Devices’ objectives were to provide a reg- 
ulator, similar to the industry standard “A723, which would 
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Figure 1. Am6300 Block Diagram 





also include the output monitoring and controlling functions. 
Figure 1 shows the block diagram of the Am6300. This circuit 
contains the four basic elements of supply regulators, a refer- 
ence source, an error detector, a control device, and protection 
circuitry. Additionally, the Am6300 contains user defined limits 
for over/under voltage sensing and current limiting. Also in- 
cluded are provisions for controlling the turn on delay and rate 
of change of output, and programming the sensing circuits for a 
minimum time duration of fault before triggering the shut down 
of the regulator. 


The Am6300 may be powered either by the unregulated supply 
voltage or by a separate bias voltage (greater than the regulated 
output by 2.5 volts), at any level between 5 and 40 volts, with a 
standby current of typically 5mA. 


The device is available in either a hermetic or a plastic 20 pin 
dual in package. Both commercial and military temperature 
ranges are available. 


A detailed description of the circuitry contained in the Am6300 
will appear later. However, a review of the more important de- 
sign considerations in relation to the system aepecis will follow, 
outlining its full range of capabilities. 


A precision 2.5V band gap reference is used because it offers 
low noise and better long term stability than a zener reference. 
In addition, it has the capability of providing stable performance 
over an input voltage range of 5 to 40V. 


Manufacturing production tolerances are trimmed out, giving an 
adjusted output voltage to within .25% of 2.5V, a temperature 
stability of 20 parts per million per degree C over the commer- 
cial temperature range and a 40ppm/°C over. the military 
temperature range. In all but the most precise applications, the 
need for external adjustment is eliminated. 


The majority of systems are designed to have over- and 
under-voltage protection set at either 5 or 10%. The Am6300 
includes comparators that detect when these limits are ex- 
ceeded. The user can define the limits required by program- 
ming the requisite pin on the device. This enables different 
limits to be set for the over- and under-voltage limits. A Current 
Sensing amplifier compares the differential voltage between 
the two sense inputs with a user defined reference voltage. 
Since the common mode voltage range of the current sense 
amplifier inputs swings from ground to the supply voltage, cur- 
rent sensing can be monitored anywhere within the system. 
When the sensed voltage exceeds the reference voltage, a cur- 
rent source charges an externally selected capacitor which 
determines the minimum time a fault condition must exist be- 
fore shut down occurs. An open collector output is made avail- 
able to monitor the shut down condition. 


A remote reset is required once the regulator has been shut 
down. The Am6300 has two inputs which may be used for-re- 
setting. Power Down (PDN) shuts the regulator down when 
taken LOW, resets the voltage and current detection circuits 
and switches the regulator on again when taken HIGH. Power 
Down Reset (PDR) works in a similar manner but the regulator 
switches on after a user defined delay, established by an ex- 
ternal capacitor. . 


The Am6300 also has the facility to control the rate of change 
of the regulated output following power-up, either from initial 
power-up or after a PDN or PDR command. The rate of 
change is controlled by an external capacitor. 


The status of the Am6300 is always available via the Power 
Enable (PE) pin. This is an open collector output, which can be 
used as a chain priority system in which power-up and shut- 
down of other supplies are dependent upon the output level. 
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Figure 2. Am6300 Bandgap Reference 


REFERENCE SOURCE (Figure 2) 


The band-gap reference voltage is developed by making the 
collector currents of Qg and Qg equal. Since the emitter area of 
Qg is eight times Qg, their Vg¢e’s will be mismatched and the 
difference can be expressed as: 


AVee = VBeEs — VBE9 In8 


The band-gap reference voltage is calculated from: 


. VBANDGAP) = 11R7 + < In8 + Vpeg < 1.25 Volts 

Vrer, the reference output voltage, is established by the ratio 
of Rg and Rio, which divides a portion of VReF back to the 
bases of Qg and Qg. The error between the feedback voltage 
and the band-gap reference is amplified and coupled back to 
the output through Qy3. The Vre_fF output in the Am6300 is set 
at 2.5 volts, with production tolerances taken out by adjusting 
R7. Typically this results in a reference that is within .25% of 
2.5 volts, with a temperature coefficient of 20ppm/°C over the 
commercial temperature range and 40ppm/°C over the military. 


ERROR AMPLIFIER (Figure 3) 


The error amplifier, is a single differential amplifier stage com- 
posed of Qig and Q17. The biasing of the stage is supplied by 
equal current sources, I3 and l4. The current, Ig, is inverted in 
Q1g and Qig. The area of Qig is approximately twice the value 
of Q1g thus the sink current of Q4g9 is twice Ig. In balance, the 
collector currents of Qyg and Q47 will be equal, ignoring effects 
of base currents of Q45, Qoo and Qo3. 


In an unbalanced, or error condition, where the base of Qig is 
more positive (negative) than the base of Q47, the collector cur- 
rent of Qig will increase (decrease) and Q17 will decrease (in- 
crease). The voltage at the bases of Qo9 and Q23 will rise (fall); 
this results in a higher (lower) current for VeE(ouT), the emitter 
of Qo3. 


The voltage gain of the error amplifier (typically 3000 at room 
temperature) is calculated by 
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SENSE IN 


03944A-3 


Figure 3. Am6300 Error Amplifier 


Rca17) in parallel with 
Rc (current source) 


2kT/qle 


total collector resistance 
2re 


Av 


High frequency stability of the error amplifier is ensured by C4, 
which gives the amplifier a 6dB/octave roll off. The error vol- 
tage is derived by dividing down the output voltage until it 
equals Vref. The error amplifier will maintain an output voltage 
equal to Vper multiplied by the closed loop gain of the 
amplifier set by the user. 

The control device is formed by the series pass Darlington pair 
Qo2—Qa23. The useable output current is theoretically about 
100mA, although in practice, apptications requiring more than 
50mA of current should use an external pass device. 

Figure 4 shows the feedback arrangement, consisting of two 
resistors Ry and Ro. The required value of Vout is calculated 
from: 


Ri +Roe 
Re 


Vout = VREF 


where Vref = 2.5 volts. 


The SENSE IN terminal typically requires about 2A of bias 
current. To reduce the error caused by this bias current 
to around .1%, current flow through Ry and Ro should be set 
approximately 500 times greater. Thus Ro is set at 2.5kQ, 
therefore, 


Ry (kQ) = (VouT — 2.5V). 


THERMAL SHUTDOWN (Figure 3) 


Figure 3 shows the resistive divider formed by Rig and R17 
develop a voltage of 0.3 volts at the base of Qo. As the 
die temperature approaches approximately 180°C, the Vee of 
Qa decreases sufficiently to allow the device to be forward 
biased, thus pulling the collector of Qy7 low and shutting the 
regulator down. 
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ERROR 
AMPLIFIER 


VEout Vout 
O 


Ry + Ro 
Vout = Vaer a 








OVER/UNDER VOLTAGE DETECTION (Figure 5) 


Over voltage detection comparators Cy and C2 are connected 
to +5 and +10% levels respectively and are enabled by the 
OSEL input. A logic 1 selects a +5% limit and a logic 0 a 
+10%. Similarily, the under voltage comparators C3 and C4 
provide —5%, logic 1 and — 10%, logic 0, selected by the USEL 
input. The inputs to detection comparators are achieved by di- 
viding down the buffered Vaer and SENSE IN voltages. The 
outputs of the comparators are wired OR’ed, and applied to 
Qsg, which, when on, shunts the output of the current source 
to ground. Exceeding a selected OV/UV level causes transistor 
Qsg to turn off. If an external capacitor is connected from VpEL 
to ground it will be charged linearly by the current source, thus 
causing a delay in shut down that is proportional to the value of 
the capacitor. With no external capacitor connected, the delay 
is equal to 1.54 second. The delay for an externally connected 
capacitor is an additional 0.22 second/pF. 


A comparator compares the voltage at the collector of Qsg with 
Vrer. When Qsg reaches Vref, the comparator sets a latch 
which shuts down the regulator and pulls the open collector of 
VALARM_LOW. The regulator is powered up by either taking 
PDN or PDR LOW then HIGH or by momentarily removing the 
power to the Am6300. 


OVER/UNDER 


INTERNAL 
REGULATOR 
DISABLE 


03944A-5 


Figure 5. Am6300 Over/Under Voltage Circuit 
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CURRENT 
ALARM 
LATCH 


INTERNAL 
REGULATOR 
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Figure 6. Am6300 Current Overload Circuit 


CURRENT LIMITING (Figure 6) 


When the differential voltage between Is+ and Is— of the 
current sense amplifier (gain of two) exceeds one half of the 
- current limit reference voltage VoL, a comparator detects this 
condition and switches transistor Q439 off. The current.timiting 
circuit is identical to the OV/UV detection circuit above, with 
Qi39 replacing Qsg and la_arn replacing VaLARM-. 

The maximum value of the current sense amplifier’s is differen- 
tial voltage set at 0.2 volts, with a common mode range of 0 
volts to the supply voltage. The value of current sense resistor, 
Rs, can be calculated from: 


VoL 

2IoL 

where Ic, is the current limit selected. 
POWER CONTROL SECTION (Figure 7) 


The Am6300 can be logically controlled. The power up, power 
down and reset sequences of the over/under voltage detection 
and current limit circuits are all digitally controlled. The logic 
inputs meet standard logic levels. The input HIGH level is set at, 
2 volts minimum, but the maximum input voltage can be as 
HIGH as the supply voltage. 


Rs = 


1 
CURRENT 
OVERLOAD 


{ALARM | | 7 
: 03944A-7 


Figure 7. Am6300 System Diagram 
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With both sense inputs HIGH, the power up sequence of the 
Am6300 is initiated by taking either PDR or PDN inputs HIGH. 
The difference between PDR or PDN is that PDR has a user 
defined delay when connecting a capacitor from PDEL to 
ground before the regulator is powered up. 


The output of the Am6300 can be made to ramp linearily from 
turn-on by connecting an external capacitor from PRISE to 
ground. This is accomplished by charging the capacitor with a 
constant current, comparing the SENSE IN voltage with the 
capacitor voltage and maintaining equality. Thus the rate of 
change of the output voltage is a function of itself and the 
capacitor value. 


AVouT 
0.22C + 1.5 


The rate of change of output 


in V/us, where C is expressed in pF. 


With no external capacitor, the rise time of the Am6300 power 
up is 1.5ys. 

During the time that the regulator is ramping up, the power 
control circuitry disables the over/under voltage detection cir- 
cuit and changes the gain of the current sense amplifier from 
two to one, thus doubling the current limit. This provides extra 
current to charge capacitive loads. 


APPLICATIONS 


The regulator section of the Am6300 can be thought of as a 
basic voltage regulator. The reference voltage is applied to the 
positive input of the error amplifier and a sample of the output 
voltage is fedback to the negative input via a resistive divider. 
The output voltage is achieved by multiplying the reference 


VALARM 


'ALARM 


voltage by the gain of the error amplifier. The SENSE IN vol- 
tage will equal the reference voltage, thus the output will be set 
by the ratio of the resistors. Referring to Figure 8. 


VouT _ 


VREF 


R1+ Roe 

Ra 
Because a small amount of bias current is required by the error 
amplifier, an error voltage is generated across Rj. To keep this 


error less than .1%, the current through Ro should be set at 
1mA. This will simplify the selection of Ry, resulting from 


Ry = (Vout — 2.5V) ko 


The required resistor values may not result in readily available 
values, but the ratio 


MOUM: 2 
VREF 


Ry + Ro 
Ra 


should be maintained. 


The spread in Vper is typically less than .25% and in most 
applications no external trimming is necessary. If adjustment 
is required, some portion of Ry and Ro should be made 
adjustable. 


Figure 8 shows the connection of a low current voltage reg- 
ulator, Imax 50mA. The Am6300 is rated at 100mA 
load current, but because of the maximum power dissipation 
of 1000mW and the derating characteristic of BmMW/°C, most 
low current applications should be limited to around 50mA load 
current. 


SENSE|y 
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Figure 8. Am6300 Low Current Configuration 


7-14 


03944A-9 


Figure 9 Am6300 High Current Configuration 





The current sensing is accomplished by detecting the voltage - 


across Rs, which is placed between V+ and VCOUT. No addi- 
tional voltage drop is required in the circuit, thus relaxing the 
minimum differential voltage, V+ to Voyrt . The selection of Rg 
is given by: 


VSENSE 


Rg = 
IeL 


VSENSE has a maximum value of 0.2 volts but the actual! value 
of Vsense is a function of the current overload reference vo!- 
tage, Vo_ and is set at a maximum of 0.4 volts. The ratio of 
VseNSE to Vc is 0.5, therefore Ic_ can be related to the 
overload reference voltage, Vo by 


| 2VciL 
cL = Rs 
Vc. is most cases can be conveniently obtained by dividing 
down the 2.5 volt reference shown. Figure 8 also shows over/ 
under voltage, current limiting and power-up rise time 
capacitors. The values shown give approximately 2ms for the 
over/under voltage and current limiting detection circuits to ex- 
perience fault conditions before shutting down the regulator. To 
limit the effects of the inrush currents for charging up output 
load capacitors, the rate of change of the output voltage is |i- 
mited to .23V/ms. 


LED’s are connected to the Vatarm, |ALARM and PE open 
collector outputs to give indications of fault conditions and to 
show the status of the regulator. 


Resetting the regulator after a fault condition is achieved by 
taking PDN LOW. 


HIGH CURRENT VOLTAGE REGULATOR 


By the use of external pass transistors, the useable current can 
be increased to several amps, the power dissipation in the 
Am6300 reduced as well. 


The simplest circuit is shown in Figure 9. The internal Dar- 
lington pass transistor is extended to a triplet by an external 
NPN transistor. This NPN could also be a Darlington. Using 
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* 03944A-10 


Figure 10. Am6300 High Current Configuration 


external NPN power transistors is more economical than using 
PNP, but the minimum differential voltage between inputs and 
outputs is increased by the additional Vges of the external 
transistors. 


Figure 10 shows the circuit with a PNP transistor added to 
overcome the above. The base drive for the PNP is now ob- 
tained from the Vcourt terminal of the Am6300. 


Both Figures 9 and 10 show how including Rg outside the 
feedback loop reduces the differential voltage between input 
and output to a minimum, thus reducing the power dissipation 
within the regulator. The output current for both circuits is rated 
at 2 amps and the current limiting resistors are 0.10 in value, 
allowing low wattage resistors to be used. 


PROGRAMMABLE VOLTAGE REGULATOR 


A specialized application for the Am6300 is shown in Figure 11. 
The output voltage of the regulator is programmable under. mi- 
croprocessor control. The design uses an Am6080, an eight bit 
microprocessor compatible digital-to-analog converter. The re- 
ference current for the DAC is derived from the voltage refer- 
ence of the Am6300. The programmed output current of the 
DAC sinks current through Rg. This eastablishes the output 
voltage of the regulator because the regulator maintains the 
SENSE IN voltage at 2.5 volts. ° 


The regulator output will be defined by 
Vout = (2.5 + Re Ipac) volts 


Using a value of 10kQ for Re, provides an output swing 
of 2.5 volts to 22.5 volts, selected by the 8 bit code latched into 
the Am6080. 


A four-bit latch is connected between the microprocessor bus 
and the Am6300 logic control inputs. In this way, start-up, 
shut-down and reset of the alarms, plus setting the over/under 
voltage limits, can be controlled by the microprocessor. 


The output status and alarm outputs can be monitored by the 
microporcessor to indicate fault conditions. This will allow the 
microprocessor to take whatever action is required because of 
the fault conditions. 
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PDN 
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VREF 
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Figure 11. Am6300 Programmable Voltage Regulator 


7-16 


SENSE 


GND 


03944A-11 





Power Supply IC 
Programs E°PROMs 


The controlled rise-time signals necessary to program 2816 
type E2PROMs require pulse generating circuits capable of 


compensating for RC time and temperature drifts. This circuit - 


(Figure 1), while providing controlled rise-times, can also reg- 
ulate the programming voltage, control the pulse duration, and 
monitor the pulse amplitude to assure proper programming. 
This is accomplished through a unique application of the many 
control and protection features found on the Am6300 linear 
power supply controller. 


Specifications for 2816 E2PROMs call for a programming pulse 
amplitude of 21 +1V with a rising edge RC time constant be- 
tween 450 and 750us and a minimum pulse duration of 10ms. 
Because it contains the error amplifier and: pass transistor of a 
linear power supply, the Am6300 can provide a 21 volt output 
from any unregulated input voltage between 24 and 40V. Pulse 
amplitude can be monitored by the Am6300 output voltage 
protection circuit; tying the Ose, and UsEL pins to +5 volts 
sets the error limits to +5%. If an output error greater than 
+1V occurs, then the pulse is terminated and the Program- 


ming Error Flag goes low to indicate possible incomplete 
programming. 

The rising edge of the pulse is controlled by the soft start circuit 
of the Am6300. This circuit provides a linear rate of change at 
the pulse output, and the use of a 4700pF capacitor at Prise 
gives the best linear approximation to the recommended expo- 
nential rise (Figure 2). Other risetimes can be implemented 
using the formula: taise = (CRISE x -22us/pF) + 1.58. 


Pulse duration is controlled by the current protection circuit 
which takes the output LOW 10ms after it reaches 21V. A cur- 
rent overload is simulated at the sense pins of the Am6300 and 
the required pulse duration is set by a .047pF capacitor at the 
shutdown delay pin. Pulse duration is measured from the com- 
pletion of the soft start ramp, and can be calculated from the 
formula: tipeEL = (CipEL X .22us/pF) +1.2us. The Program- 
ming Complete output goes LOW at the end of each pulse. 
This output, the Programming Error Flag, and the write input 
are TTL compatible for ease of system interfacing. 


Figure 1. Am6300 EEPROM Programming Pulse Generator 
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UseL 
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Figure 2. Comparison of Am6300 Output to Recommended Waveforms . 
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DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION 


e@ Feed-forward (line hum suppression) The Am6301 Switching Power Supply Controller contains alt 
® Output over/under voltage protection the digital and analog functions necessary to control block- 
@ Input under voltage protection ing, single-ended, or push-pull switching power supplies. It 
Cycle-by-cycle current limiting contains the voltage controlled oscillator, ramp generator, 
-Soft start comparator, and reference for basic switched mode power 
250kHz max. oscillator frequency supplies, as well as, a full complement of interface circuits 
Phase lock capability and circuitry to protect both the power supply and its load. 
96% max. duty cycle 
Double pulse suppression 

Symmetry inputs for push-pull converter 

Remote shutdown 

Pin equivalent to the Siemens’ TDA 4700 


BLOCK DIAGRAM 


‘SYNCHRONIZATION 
INPUT SYMQ, SYM Q, 
12 i 10 24 6 


-——+ se ee pF 


/ V/ | 
| | | 
m An) GENERATOR 


| 
| RAMP 
| 


> 
ca = 
SYNC, PULSE 
COMPARATOR 
INPUT MINIMUM LEVEL — |) 
DOMINANT 
OUTPUT o 


-INPUT 
PULSE TURN-OFF FF 
+INPUT o (AR DOMINANT) 


KC UNDER VOLTAGE 


4 4 OUTPUT 
Qy (ACTIVE L) 


5 OUTPUT 
Q, (ACTIVE L) 


O 3 Vs SUPPLY VOLTAGE 


2 Vrer REFERENCE 
0 VOLTAGE 





Vper OVERCURRENT 


‘uF OVER VOLTAGE ON/OFF DYNAMIC CURRENT 
Tesorr START UNDER VOLTAGE LIMITATION 


ORDERING INFORMATION CONNECTION DIAGRAMS — Top Views 
Order the part number according to the table below to D-24-1, P-24-1 

obtain the desired package, temperature range, and * 
screening level. fs 


Temperature 
Package Type ; ange 


Hermetic DIP —55 to + 125°C 
Hermetic DIP —25 to +85°C 


Hermetic DIP 0 to 70°C 
Am6301PC Plastic DIP 0 to 70°C 





*Availability of leadless packages will be announced. Note: Pin 1 is marked for orientation. 
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Am6301 
Am6301DC, DL, PC, LC 


MAXIMUM RATINGS (Above which useful life may be impaired) 


Supply Voltage Vs 33V Voltage at Q1, 33V 


Qo ; 
Input Voltage (all inputs) Gnd to Vs Current at Qy, Qo 70mA 





Storage Temperature —65 to +125°C 
Lead Temperature (soldering 60 sec) 300°C 










ELECTRICAL CHARACTERISTICS (Note 1) 


These specifications apply for 11V < Vs < 30V, fyco = 15kHz, over the operating temperature range 
unless otherwise specified. 


Parameters Description Test Conditions Min Typ Max Units 


Regulator 


Vs 
Reference 


Att ACT = 0%, ART = 0% 
Af/t Frequency Stability Vs = 25V + 20% 
Ramp Generator _ 

Vramp Hi OHA < lamp < 400A 


Vramp Low Voltage at Cramp Low 10uA < lamp < 400uA 
Input Current at Rramp 


Synchronization 


Synchronization Input 
Synchronization Output lOH = 200A 
: lo. = 1.6mA 


Input Bias Current 


Comparator A2 a : 


Input Bias Current 
Turn-Off Delay (Note 2) ; Ta = 25°C 


Ton/Tor = 0% 
Input Voltage for Duty Cycle lated 
: Ton/To = Max 


ICHG Charging Current 
Discharging Current - 


VumM Upper Limiting Voltage 







Volts 


‘| 
> 


pa 
N 


< 


Volts * 


ro) 
3 
< 


wVPeC 


% 


» 
oO 


ak 
| : 
NX 
xs 





< 
‘ 

= 

a 


Vv 


VIH 
It 
Vou 
VoL 





< 
o> 
a 


t 470 


AQ 
VIN 


VTH Reset Voltage 


: 
> 
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j Am6301 
ELECTRICAL CHARACTERISTICS (Cont.) me 


Parameters Description Test Conditions Min Typ Max Units — 
Operational Amplifier 


AOL Open Loop Gain 








‘Vos Input Offset Voltage 


Input Bias Current 
Common Mode Range _ 
Phase Shift at 3MHz 


Output Voltage Swing 








AV/At 





Vom 
BW 
dt 
VSW 
1H 
IL 
IL 





Symmetry 
Vv 
Vv 


Input Voltage 


3 
Output States Q4, Qo 

his Silomdeme ee weave et ee a 
ON/OFF, Under Voltage ~ 

eo aa eae Co eae ee 
Ee (eee =e ae 
Fee | Ere Recon ead 


Dynamic Current Limiting : : 


Common Mode Range Volts 





Input Offset Voltage m 


es ec Oe 
A 


Error Recognition Time 


Over Voltage 


Threshold Voltage 


Input Bias Current ; 


VrerF — 30mV VREF Vrer + 30mV Volts 





be 
Output Current pA 
Turn-Off Delay 


Error Recognition Time 


Supply Under Voltage 
Turn-On Threshold, Vs Rising _ 
Turn-Off Threshold, Vs Falling 


Notes: 1. All typical values are specified at Vg = 12V and Ta = 25°C. 

2. The A2 comparator turn-off delay is measured from pin 14 to pin 4 or pin 5. The input signal on pin 14 is anegative-going pulse from 3V to 0.5V. The 
delay is measured from the 2V level on the input to the 2V level on the output. The output current is set at 4mA. The signal on pin 14 goes negative 
when the ramp voltage is equal to 2V. ; 

3. For Ta greater than 25°C, derate to limit Ty to a maximum of 150°C. For Pp less than 750mW use typical thermal resistance as follows: 


Typ D-24-1 P-24-1 L-28-1 
Oy, 50 120. 100 °C/watt 
Ce 15 60° 40 = °C/watt 


Volts 
Volts 
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Am6301 
Preliminary Am6301DM 
MAXIMUM. RATINGS (Above which usetul life may be impaired) 


Supply Voltage Vs 33V 
Input Voltage (all inputs) Gnd to Vs Current at Qy, Qo 70mA 
Storage Temperature —65 to +125°C 
Lead Temperature (soldering 60 sec) 300°C Wr ro ns¥ a acc, ee sen, uu et 
ee ae a i 








Power Dissipation (Note 1) 








ELECTRICAL CHARACTERISTICS (Note 2) 
These specifications apply for 11V < Vs < 30V, fyco = 15kHz, over the operating temperature range (—55 to + 125°C) 
unless otherwise specified. ; 


Parameters. - Description Test Conditions Min Typ Max Units 


Supply Current 
Se 
Reference 


Oscillator 


ii 
Ramp Generator — 

[FeaieneyRee | 
vamp 
[input Gurentatframe | 


Synchronization ; 


Synchronization Input ges oes ecaul| 
Synchronization Output OH = 200 
lot = 1.6mA 


input Bias Curent ECS 

Comparator A2 

FiepatBias Goren Sid 
ered 
eas 


Ton/Tott = 0% 
_ ae ene 
Ton/Tor = Max 


ICHG Charging Current 
Discharging Current 
VuM Upper Limiting Voltage 


VTH Reset Voltage 


Regulator - 







vi 
no 


> 


‘ 
4 
wn 


ViH 
Vit 
Gi 
VoL 





< 
i 

ss 

Ga 






: 


Am6301 
ELECTRICAL CHARACTERISTICS (Cont.) 


Parameters Description Test Conditions Min Typ Max Units 










Operational Amplifier 















Tao. | Onntpean——SSC«dTSC“‘“‘;CSCC*dNCOOOSdD Cid 
vos [pw orservowss —{ SSSCSCSC—~sCS TCC 
Favosiita | Vos Tenpen dr] 
ris | putas cure’ Sid SSSSCS*~C~‘“SC dk 
vor _[ Comman ose Range |S 
FC 0 OC 
Fava [Oupursiow hate iS 

por | Phase sninarsre |S oe 

Fvsw | Ou vata Sving | ~aun setae] as Si 

in nantes aan ee a ee 

; eee, ae ae 

rin [ wowtowcwen | SSCSC~dSC dT 





Output States Q},Q. 


ON/OFF, Under Voltage 

FinputBias Curent S| SSSCSC~C~*rCSC*i Cd 
eae 
as 


Dynamic Current Limiting 








Vos Input Offset Voltage 


-10 
—30 
—10 
vn___[ Testo votage [| C*d r= SO 
PinputBias Gres 
[ Ener Recogritontine {| Sid | 
Von Turn-On Threshold, Vs Rising eet. tn A 
Vor _| TumOW Twveshots Ve Fating | ——SS—*d 


Notes: 1. For Ta greater than 25°C, derate to limit the junction temperature, Ty to a maximum of 150°C. For Pp less than 750mW, 6) = 50°C/watt and 
Ayo = 15°C/watt. 
2. All typical values are specified at Vg = 12V and Ta = 25°C. 
3. The A2 comparator turn-off delay is measured from pin 14 to pin 4 or pin 5. The input signat on pin 14 is anegative-going pulse from 3V to 0.5V. The 
delay is measured from the 2V level on the input to the 2V level on the output. The output current is set at 4mA. The signal onpin 14 goes negative 
when the ramp voltage is equal to 2V. 
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Am6301 FUNCTIONAL DESCRIPTION 


VOLTAGE-CONTROLLED OSCILLATOR (VCO) 


The VCO (voltage-controlled oscillator) generates a sawtooth 
voltage at Cy. The duration of the falling edge is determined by 
- the selection of Cy. The duration of the rising edge and thus the 
oscillator frequency is determined by Ry and Cr. Maximum 
oscillator frequency is 250kHz. The oscillator frequency can be 
varied for frequency synchronization purposes by varying the 
voltage at Critter. The falling edge of the VCO generates the 
synchronization pulse and triggers the ramp generator and other 
parts of the Am6301. 


RAMP GENERATOR — FEED-FORWARD CONTROL 
The ramp generator is triggered by the synchronization pulse of 


the VCO and oscillates at the same frequency. The duration of the. 


falling edge of the ramp generator must be shorter than the fall 
time of the VCO. The voltage of the rising edge of the ramp 
generator and a DC voltage at comparator A2 are compared for 
pulse width control of the output. The slope of the rising edge is 
adjusted via the current through Rr. This enables an additional 
superimposed control of the duty cycle dependent on the input 
voltage of the Switched Mode Power Supplies (SMPS). This 
capability (feed-forward) allows for compensation of a known 
interference (e.g. line hum). 


PHASE COMPARATOR — SYNCHRONIZATION 


If the Am6301 is operated without external synchronization, the 
synchronization input must be connected to the synchronization 
output, so that the phase comparator sets the voltage at Cfilter. 


The VCO then oscillates at the frequency set by Rt and Cr. Other | 


circuits can be synchronized with the synchronization output. The 
Am6301 can be synchronized to an.external signal of any duty 
cycle. The synchronization input and output are TTL compatible. 


PUSH-PULL FLIP-FLOP 


The push-pull flip-flop is toggled by the falling edge of the VCO. 
This guarantees that only one of the two push-pull outputs can be 
enabled at any one time. 


COMPARATOR A2 — PULSE WIDTH MODULATION 


The two noninverting inputs of the comparator are switched in 
such a manner that the lowest level is always compared with the 
inverting input. As soon as the voltage of the rising sawtooth at 
Cr exceeds the lower of the two levels, both outputs are disabled 
via the pulse turn-off flip-flop. 


REGULATING AMPLIFIER A1 


Ai is a high-quality regulating amplifier. It can be used in the 
control loop to transmit the amplified error voltage onto the free 
noninverting input of the comparator A2. A voltage change is 
thus transformed into a duty cycle change. The common mode 


range of A1 covers 0 to +5V. A1’s low output impedance allows 


the use of feedback for the adjustment of the regulator loop- 
characteristics. 


PULSE TURN-OFF FLIP-FLOP 


This flip-flop enables the outputs at the beginning of each half 
period, and upon an error signal from A7 or a turn-off signal from 
A2 switches the outputs off for the remainder of the half period. 
Double pulses at the output cannot occur. ; 


COMPARATOR A3 


A3 limits the voltage at the Csoft start pin (and also one input of A2) 
to a maximum of 5V. For a specified slope of the rising ramp 
generator edge, the duty cycle can be limited to a maximum 
value. 


COMPARATOR A4: 


Comparator A4 has its switching threshold set to 1.5V and its 
output connected to the error flip-flop, so that when the voltage at 
capacitor Cegoft start is less than 1.5V the flip-flop is set. The error 
flip-flop only accepts the set pulse if no reset signal is present. 
Thus, an output turn-on is prevented as long as an error signal is 
present. 


SOFT START 


The output duty cycle is a function of the lower of the two voltages 
at the noninverting inputs of A2. At the time the Am6301 is turned 
on, the voltage at capacitor Csoft start is equal to OV. As long as no 
error exists, this capacitor is charged with a current of 6A to the 


‘ maximum value of 5V. In:the case of an error, Csoft start is 


discharged with a current of 24:A. The error flip-flop is set when 
the Csoft start voltage is below 1.5V and the outputs are enabled if 
a reset signal is not present at the same time. The minimum 
ramp generator voltage is 1.8V, therefore, the soft start circuit 
only controls the duty cycle after the voltage at Csoft start 
exceeds 1.8V. 


ERROR FLIP-FLOP 


Error signals to input R of the error flip-flop cause the outputs to 
be disabled immediately. The system turns on again using the 
soft start, after the error has been eliminated. 


COMPARATOR A5 — OVER VOLTAGE 


The input or output voltages of an SMPS can be monitored using 
AS. In the case of an over voltage, the error flip-flop immediately 
disables the IC outputs. After the over voltage is reduced, the 


_ SMPS turns back on using the soft start. The output of A5 can be 


fed back to the input. This causes the IC output.stage to remain 
disabled even after elimination of the over voltage, until the 
supply voltage is briefly turned off, or the over voltage input is 
briefly connected to ground. To use this SCR-type action, the 
voltage to be monitored must be coupled resistively (=5KQ) to 
the over voltage comparator. 


COMPARATOR A6 — ON/OFF UNDER VOLTAGE 


The comparator A6 reacts to an under voltage relative to VaerF 
and switches the IC outputs off. The input voltage of the SMPS 
can for example, be monitored, turning the outputs off if the input 
voltage is below a desired level. When the input voltage returns to 
the desired level, the Am6301 turns back on using the soft start. 
This input can also be used as a TTL compatible ON/OFF control. 


COMPARATOR A7 — 
DYNAMIC CURRENT LIMITING CIRCUIT 


A7 provides for the recognition of over current in the switching 
transistors. The system is turned on again at the beginning of the 
half period after the error is eliminated, the soft start is not used 
however. The A7 common mode range extends from 0 to +4V so 
that the smallest voltage drops can be recognized. The delay 
time from the occurrence of an error to the disabling of the outputs 
is only 250ns. 


COMPARATOR A8 — IC UNDER VOLTAGE . 


Comparator A8 prevents undefined operating conditions of the IC 
outputs if the IC supply voltage becomes too low. If Vg <9V, the 
output stage is disabled. This condition is maintained until Vs = 
OV. Built-in hysteresis prevents permanent switching at the com- 
parator’s switching threshold. At a supply voltage of Vs 29.6V, 
the Am6301 turns on using the soft start. 
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SYMMETRY 


Saturation of the transformer core must be prevented in push- pull 
converters. The degree of saturation of the transformer can be 
determined with an external circuit; and, in relation to this, the on 
times of the outputs can be asymmetrically shortened. If the 
symmetry correction circuit is not required, the symmetry 
inputs must be connected to ground. The input levels are TTL 
compatible. 


VSoFT START 


1.8 
1.5 


() 


ERROR 


‘ Am6301 


OUTPUTS, DEADTIME 


The two outputs Q; and Qo are transistors with open collectors. 
Their saturation voltage is 1V at 20mA. They operate in a push- 
pull mode and can be connected in parallel to drive single-ended 
converters with a maximum duty cycle.of 96%. The time, during 
which only one of the two outputs is on, can be varied. The 
duration of the falling edge at the VCO is the same as the 
minimum time (dead time) during which both outputs are disabled 
simultaneously. The dead time, in push-pull SMPS, prevents the 
power transistors from being on at the same time. 


ELIMINATED 
iu 
ERROR / ELIMINATED 


01946C-4 


Figure 1. Am6301 System Timing Showing Soft Start, Error Timing, 
and Remote Shutdown. (Csoft start = 1“F-) 


a) VOLTAGE AT Cr 


b) SYNC OUTPUT 


c) VOLTAGE AT RAMP GENERATOR 
Var > Varn nom. > Var 


d) VOLTAGE AT OUTPUT 1 


e) VOLTAGE AT OUTPUT 2 
r 


Vcomp IN 


Figure 2. Am6301 Pulse Timing Diagram, Dotted Lines 
Show the Effect of Feed-Forward Control. 








Am6301 


APPLICATION INFORMATION 
Selection of External Components 


Three external components must be selected for the Am6301 
phase locked oscillator; these are Rr, Cy, and Critter. Having 
determined the desired frequency of operation, fo, and minimum 
dead time, ty, the user can find a value for Ct by using Figure 3. 
Ry is then chosen from Cr and fo using Figure 4. If the oscillator 
is to be used in its free-running mode with SYNC OUT tied to 
SYNC IN, then the Critter pin can be left open. If phase-lock 
operation is desired, then Cfijter can be chosen from Table A. 


The selection of the ramp generator external components, Ra 
and Cp, allows the implementation of two functions: 

1. Feed-forward control 

2. Reduction of the maximum duty cycle 


In most applications, Cp is chosen equal to Cy, and the ramp 
slope is controlled by Rm and the voltage applied to it, Var. If 










\ 









Var is connected to the power supply, Vin, then changes in 
Vin will change the ramp slope. This causes an inversely pro- 
portional change in the output duty cycle which compensates for 
the change of input voltage. RR can then be selected from 
the formula: 


3°Rr-Cr° (VaR — 0.7) 
Cr: AVorR 


RA(2) = = (45108) 


The value AVcr represents the peak-to-peak amplitude of the 
ramp and is generally chosen to be less than 3.2V. The ramp 
voltage varies from 1.8V to 1.8 + AVoR volts. One noninverting 
input of the comparator, A2, is maintained at 5V, therefore, 
the maximum duty cycle is reduced by AVop values greater 
than 3.2V. 









































TABLE A 


| to tea) | Cainer (nF) | 


470 
47 
47 
47 












































































































Figure 4. Oscillator Rated Frequency fo versus Ry and Cr. 
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Am6301 


SYM 
CIRCUIT 


REGULATING AMPLIFIER IN 


FEED-FORWARD 
CONTROL 


Am6301 
AND PASSIVE 
COMPONENTS 


OVER VOLTAGE IN 


UNDER VOLTAGE 


SYNC IN 
SYNC OUT 


INPUT 
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RECTIFIER 





SUPPLY FOR 
CONTROL 
CIRCUIT 


REGULATING 
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FEED-FORWARD CONTROL 
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Ti 
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UNDER VOLTAGE COMPONENTS 
OVER VOLTAGE OUT 


g COMPARATOR 
SYNC OUT 


SYNC IN 


REGULATING SIGNAL 


Basic Circuit Diagram of a Push-Pull SMPS with Isolation. 
(Am6301 is on the Primary Side.) 
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Am6301 


INPUT 
FILTER 
RECTIFIER 


SUPPLY FOR 
CONTROL DYN CURRENT 
CIRCUIT LIMITING CIRCUIT 


REGULATING AMPLIFIER IN 


OVER VOLTAGE IN 


Am6301 
AND PASSIVE OVER VOLTAGE OUT 


COMPONENTS = 
: SYNC OUT 


SYNC IN 


FEED-FORWARD CONTROL ~ 


LINEAR 
COUPLER UNDER VOLTAGE 
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Basic Circuit Diagram of a Half-Bridge SMPS 
' Using the Am6301 on the Secondary Side. 













DYN CURRENT 
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UNDER VOLTAGE 
ON/OFF 


REGULATING AMPLIFIER iN 


OVER VOLTAGE IN 
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SYNC OUT 
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Buck Converter Using the Am6301. 


7-28 


FUNCTIONAL PIN DESCRIPTION 


VREF 


Output 
Qy, Q2 


SYMQy, Q2 


SYNC OUT 


Csoft start 


Ry, Cr 


Ctilter 


SYNC IN 


Rr; Ca 


TEMPERATURE COEFFICIENT — PPM/°C 


The output of the internal 2.5V reference. 


The open collector output transistors capable of 
sinking 70mA each. 


Transformer unbalance control inputs. With a 
small amount of external circuitry these inputs can 
be used to cause asymmetrical output duty cy- 
cles. This allows correction for imbalances in the 
push-pull circuitry. 


The VCO output, used for synchronizing other 
circuits to the Am6301. 


An external capacitor at this pin causes the output 
duty cycle to increase linearly during power up. 


An external resistor and a capacitor at these pins 
control the VCO center frequency of the phase 
locked loop oscillator. 


An external filter capacitor for the contro! voltage 
of the phase locked loop is connected to this pin. 


This pin is connected to one input of the phase 
comparator in the phase locked loop, the other 
input is internally connected to the VCO output. 


An external resistor and a capacitor at these pins 
control the slope of the ramp generator. The 


Comp In 


Amp Out 


(+) Amp In, 
(-—) Amp In 
ON/OFF 
Under 
Voltage 


Over Voltage 
Input 


Over. Voltage 
Output 


' +IDYN; 
-IDYN 


Am6301 


feed-forward contro! works by changing the vol- 
tage across Rramp which affects the ramp slope 
and causes a modulation of the duty cycle. 


The noninverting input of the pulse width modu- 
lating comparator. : 


The output of the uncommitted operational 
amplifier. This amplifier is used as the error 
amplifier in most systems. 


These are the inputs of the uncommitted opera- 
tional amplifier. 


This input disables the outputs when it is con- 
nected to a voltage lower than Vp_rf. It can be 
connected as a remote shutdown or as an under 
voltage protection. 


This input disables the outputs. whenever it is © 
higher than Vref. 


The output of the over voltage comparator. This 
pin can be connected back to the over voltage 
input for SCR-type protection. 


Sense inputs for the dynamic current limiting 
circuit. 


Figure 5. Am6301 fyco Temperature Coefficient. 
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By permitting feed-forward control, as 





witched-mode power-supply 









tecadd aN hee oer ot 





circuit avoids the tradeoffs necessary with feedback circuits and off-the- 
line regulators. The result is better line regulation. 





Controller IC sacrifices nothing 
to improve regulation | 


Line regulation can be improved without making 
undesirable tradeoffs by using a switched-mode 
power-supply controller that allows feed-forward 
control. The single-chip controller, besides offering 
the usual protection and control features, avoids the 
problems that would crop up with conventional 
feedback circuits and off-the-line regulators. 

With conventional feedback circuits, line regula- 
tion cannot be improved without compromising loop 
stability. A high-gain feedback path is needed for 
good line regulation, but low-gain feedback is 
necessary to prevent oscillations at the resonant 
frequency of the power supply’s output filter. Usual- 
ly the problem is solved by designing an error 
’ amplifier that has high de gain but low gain near 
the filter’s resonant frequency. Though this solution 
works reasonably well with dc-input switchers, it is 
less useful for regulators that work directly off the 
ac line. ; 

Off-the-line regulators avoid a 60-Hz transformer 
and other bulky components, thus greatly reducing 
the size, weight, and cost of the system. But off-the- 
line operation confronts the switcher with large 
input ripple voltages. Unfortunately, the resonant 
frequency of the output filter usually falls near the 
120- or 360-Hz frequency of the input ripple; reduc- 
tion of gain at these frequencies will increase the 
ripple at the power-supply output. Of course, input 
filters could be added to reduce the ripple amplitude 
entering the switcher, but that would sacrifice any 
size-reduction advantage. 

An effective alternative is a controller circuit such 
as the Am6301, which allows feed-forward control 
of line variations—even at ripple frequencies. 
Capable of sensing both the input and output 
voltages of switched-mode power supplies, the 


Michael Parker, Product Planning and Applications Engineer 
Advanced Micro Devices Inc. - 
901 Thompson PI., P.O. Box 453, Sunnyvale, Calif. 94086 


Am6801 allows the designer to tailor both input and 
output regulation to meet most requirements. 

The Am6801 is divided into several functional 
blocks (Fig. 1). Though some basic connections are 
made internally, external connections largely de- 
termine the final circuit configuration, so the 
circuitry can be customized to provide various op- 
tional features. For example, because the on-chip 
error amplifier (A,) is not internally connected to 
other parts of the circuit, the power-supply designer 
can tailor the feedback loop to meet specific require- 
ments. Thus, in isolated systems where an external 
error amplifier must be used, A, can be left uncon- 
nected, and the isolated control signal can be fed 
directly to the pulse-width modulation comparator. 

The PWM section of the controller includes a. 
voltage-controlled oscillator and ramp generator 
(capable of 250-kHz operation), a comparator (A,), 
a push-pull flip-flop, and a pulse-turn-off flip-flop. 
Another comparator (A,) senses current and is con- 
nected to the pulse-turn-off flip-flop, which prevents 
double pulses during dynamic current limiting. A 
turn-off time of 250 ns enables A, to protect the 
power supply’s switching transistors from damage 
caused by input-current surges. 

A number of TTL-compatible control inputs are 
available, including remote shutdown, synchroniza- 
tion, and symmetry controls. Also, the Am6301 
provides overvoltage and undervoltage protection, 
input undervoltage protection and _ soft-start 
capability. 


The Input controls the output 


The de output voltage of a switched-mode supply 
is a direct function of the de input voltage and can 
be determined from the standard equation: 


Vou = Vin X duty cycle X turns ratio (1) 


Because the Am6301 allows feed-forward control, it 
can sense V,, and control the pulse-width modulator’s 


Reprinted by permission of Electronic Design Magazine. 
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duty cycle to maintain a constant Vou. 

The term “feed-forward” applies because the con- 
trol signal is fed forward from V,, instead of being 
fed back from Vou: a3 with most other controller 
chips. Of course, the Am63801 also allows normal 
feedback control, and. both types of control can be 
used simultaneously. 

Figure 2 shows a simplified schematic of a 
switched-mode power supply. The effects of input 
ripple and other line variations on the circuit can 
be determined from the following equation: 


Vout = [ PWM — Veamnp (min) x Asw x turns ratio 
(2) 
where 
Asw = switch gain = oa Vie (3) 
Vamp(Pk-pk) 


wy) 


voltage 


as 
| 
| 
| 
| 


Minimum-leve! 
Comparator Ai4 dominant 


21 
1 yr 
Soft-start capacitor Lt Overvoltage On/Oft 


undervoltage 


Synchronization pulse 


Switched-mode power-supply IC 


Evidently, an increase in V,, will cause a propor- 
tionate increase in switch gain. The output voltage 
will remain constant only if the error amplifier 
adjusts Vpwm to compensate for the change in switch 
gain. To compensate for the change, the V..u, must 
be corrected by an amount equal to the change in — 
Vpwn divided by the error-amplifier gain. Therefore, 
the effect of a change in the input voltage on the 
output voltage is inversely proportional to the gain 
of the error amplifier. 

For example, a system with an error-amplifier 
gain of 100 will have aline regulation of approximate- 
ly 1%. Line regulation could be improved by increas- 
ing the error amplifier’s gain, but this could cause 
a loss of loop stability and possible oscillation. 

The key to good line regulation is to keep the switch 
gain constant, which avoids the need for a complex 


Synchronization 
Input Output 


Output 
QQ; (active L) 


O7VEVLS1V 
| OK | 
=| 
El | 
| 
Output 


OQ; (active L) 
O7VEVSIV 


Push-pull FF 


Pulse turn-off FF 
| raematre | Lb dominant) 


Internal 
reference 


Vet (Overcurrent) 


Dynamic current 
limitation 


A; = Error amplifier 

. Az = PWM comparator 
Ag = Soft-start comparator 
A, = Soft-start comparator 
As = Overvoitage comparator 
Ags = Undervoltage comparator 
Az = Current-timit comparator 
Aa = Hysteresis amplifier 





1. The Internal circultry of the Am6301 switched-mode power-supply controller is divided into functional 
blocks. Many of the connections are made externally, instead of on chip, for maximum flexibility. 
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feedback loop to compensate for changes in gain. As 
shown in Eq. 3, if Vramp(pk-pk) is controlled in direct 
proportion to Vi, the effective switch gain will 
remain constant. But most switch-mode power-sup- 
ply controllers do not allow ramp amplitude to be 
modulated. Since the ramp generator is usually an 
integral part of the oscillator, the ramp amplitude 
cannot be changed without affecting the oscillator 
frequency. ag 

On ‘the other hand, ramp amplitude can be con- 
trolled with the Am6301, because its ramp generator 
and oscillator are separate circuits. The VCO sets 
the operating frequency and triggers the start of each 
ramp. Ramp amplitude can then be made directly 
proportional to V,,, simply by connecting V,, to the 
ramp supply voltage as in Fig. 1 (Var). Ramp supply 
current (Igp) is mirrored by the ramp generator to 
charge the ramp capacitor. Because the ramp period 
remains constant, unless the oscillator frequency is 
changed, a change in V,, produces a proportionate 
change of V,amp(pk-pk). 

Though some other switch-mode controller ICs can 
provide feed-forward control, they do so with asingle 
ramp-generating oscillator. With these circuits, the 


oscillator thresholds must be changed (as the ramp 


charging current is changed) to hold the frequency 
constant. This requires perfect tracking between the 
oscillator thresholds and the capacitor charging 
current; otherwise, the oscillator frequency will be 
modulated by the feed-forward control. As already 
shown, however, the design of the Am63801 avoids 
that problem. 


Designing the feed-forward control 


To design a feed-forward control circuit with the 
Am6301, the power-supply designer simply selects 
two external components for the oscillator—timing 
capacitor (C;) and timing resistor (Rr)—and two for 
the ramp generator—ramp resistor (Rp) and ramp 
capacitor (C,). First, the engineer must decide on the 
required frequency of operation and the dead time. 
The latter should be greater than the turn-off time 
of the switch transistors to prevent simultaneous 
conduction and possible damage. Then C; and R; can 
be selected from graphs (Fig. 3). 

The value of the ramp capacitor is usually chosen 
to be the same as that for the timing capacitor. Then 
the ramp resistor can be calculated from the follow- 
ing equation: 

R= [8Rr X Cr X (Vi,(nom)]—0.7— (4 X 108) 
: ’ Cr x Vramp(Pk-pk) 

The V,amp(pk-pk) used in the equation is the value 

for a nominal input voltage (V,,). It should be 


between 2 and 2.9 V. Because of the required one- 
to-one relationship between the input voltage and the 


(4) 


ramp voltage, feed-forward control can be achieved 
very simply. With V,, connected directly to Rp, no 
adjustment or trimming is needed for proper circuit 
operation. If the designer decides not to use the feed- 
forward feature, Rp can be connected to any conve- 
nient stable voltage. Then that voltage is substituted 
for V,,(nom) in Eq. 4. 

For systems that use several power supplies, 


‘switching frequencies may need to be synchronized. 


‘This will prevent beat-frequency interference that — 
could otherwise result from subtle differences in the 
operating frequencies. 

The use of separate oscillator and ramp-generator 
circuits simplifies synchronization. In those con- 
trollers where the oscillator also serves as a ramp 
generator, the synchronization input usually allows 


Fliter-capacitor values 
for VCO synchronization 


Capacitance (nF) 


Free-running 
frequency (kHz) 


1 
1-10 
10-100 
100-250 














Comparator | 


Circuit 
Maximum —~=-— = 
Minimum -- =~ 


2. In aswitched-mode power supply, feedback from the 
output controls the width of pulses that drive transistor 
switches In the primary circult of the transformer. This basic 
scheme, however, has only limited effectiveness in 
compensating for line-voltage variations. 
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just an external connection to the ramp discharge 
transistor. But to avoid halding the ramp low for 
too long, the inputs to the synchronization pin must 
be narrow pulses. Also, the input pulses can only 
increase the oscillator frequency, not decrease it. 

More flexibility is provided by the Am6301, which 
uses a phase-locked loop to externally synchronize 
signals above and below the free-running frequency 
regardless of duty cycle. This configuration, which 
requires a VCO, is possible with the Am6301 because 
the oscillator’s amplitude does not affect controller 
operation. 

To use the synchronization feature of the con- 
troller chip, the power-supply designer determines 
the value of a filter capacitor and makes the 
necessary connections for the synchronization 
signal. The value can be selected from the table. An 
external oscillator can generate the synchronization 
signal, or the sync-out terminal of one IC can be used 
to synchronize other controller chips. Synchroniza- 


tion signals can be connected directly to the con- 


troller chips or via optocouplers if isolation is needed 
(Fig. 4). The frequency of the synchronization signal 
must be within 30% of the free-running frequency 
set by Ry and Cy. 

If synchronization is not used, the. sync-out pin 


8 
o 
£ 
2 
% 
® 
(=) 


Resonant frequency (Hz) —»> 


3. Just two external components—a timing capacitor and a timing resistor—are 
needed to set the free-running frequency and other characterlstics of the 
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must be tied to the sync-in pin. When the circuit is 
so connected, the filter-capacitor pin can be left open. 

In systems that use bipolar switch transistors, 
longer-than-usual dead times may be needed for 
PWM signals. This is because dead times that are 


‘ shorter than the switch turn-off time will cause 


simultaneous conduction of a pair of switches. Then 
the input will be shorted to ground, and the resulting 
current surge may cause switch destruction. 


Reducing the maximum duty cycle 


Dead time can be easily increased with the Am6301 
because of the design of the PWM comparator (A,) 
and the soft-start section. The soft-start voltage and 
the control voltage are connected to separate nonin- 
verting inputs of A,, which simplifies the design of 
the chip and also allows the connection of an external 
error amplifier. The two inputs to A, are switched 
internally so that the lower of the two levels is always 
being compared with the ramp voltage. 

During power-up, the soft-start voltage controls 
the pulse width; making it increase linearly. When 
the soft-start voltage exceeds the error-amplifier 
voltage, normal regulation takes over. The soft-start 
voltage then continues to increase until it reaches 
a 5-V limit set by A;. In other words, if the ramp 


Cr= 47 nF 


N 
z 
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controller chip's VCO. The required values can be determined from these graphs 10° 


for various operating frequencies and dead times. 


Timing resistor (Q)}-—a=> 
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voltage exceeds 5 V, both outputs must be off. 
The maximum duty cycle can be reduced by 
adjusting Vramp (pk-pk) so that the ramp voltage 
crosses 5 V at the desired maximum duty cycle. The 
conditions for maximum duty cycle can be approx- 
imated by the following formula: ; 


ton(max) i 5 
torr Viaimp (pk-pk)+1.8 Vv 


Some possible problem areas should be examined. 
Changes in load current cause some minor changes 
in output voltage due to the nonideal properties of 
various components. The departures from ideal 
operation stem from the dynamic resistance of the 
output rectifier, the resistance of the transformer 
windings, and the variations of saturation voltage 
vs collector current for the switch transistors. 
Because all these factors have only a minor effect, 
a small amount of dc gain in the feedback loop can 
easily compensate for them. 


X 100% 


A more important consideration, however, is to 


prevent loop oscillation. Such oscillations occur 
because of output-filter gain and phase shift at the 
resonant frequency (f,), which can be calculated from 
=e 

2rV LC 

gain and phase shift near the resonant frequency 
depend on the load resistance (R,). A useful measure 
of the effect of the load is the damping constant 
R,/V/LC. This figure can become very high at low 
load currents. The gain and phase shift increase as 
the damping constant increases. Worst-case values 
of approximately 30 dB and 180° occur with damping 
constants greater than 20. The feedback loop will 
oscillate in the presence of positive gain and 180° 
phase shift. 


f, = 


Ensuring stability 


Loop stability is guaranteed if the total loop gain 
is reduced to less than unity at the frequency where 
total phase shift equals 180°. Power-supply designs 
must be stabilized individually, which involves draw- 
ing gain and phase plots over a frequency range from 
de to at least the frequency where the roll-off of the 
LC filter prevents positive loop gain. 

Loop gain equals the sum of the divider gain (equal 
to R,/R,+R,), error-amplifier gain, switch gain, 
transformer turns ratio, and LC filter gain. The 
divider gain, switch gain, and turns ratio stay 
constant over the frequency range. The gain of the 
LC filter is unity up to the vicinity of the resonant 
frequency, f,. Then there is a sharp peak at f, and 
roll-off thereafter. The gain of the error amplifier, 
therefore, must be reduced at fy by connecting a 
series R-C across the feedback resistor. 





Switching- Master 
Sync mode (free-running) 
out power HPP 


Additional units 


via 
buffer amplifiers 


4. Ifisolation Is required, controller chips canbe 
synchronized with a master chip by connecting them together 
by means of optocouplers. Because of the limited current 
capability of the chip’s sync-outcircult, buffer amplifiers may 
be needed to drive a large number of chips. 


Soft-start “TS 
capacitor ==> 





5. Protection against both input undervoltage and output 
overvoltage is easily applied to power-supply designs based 
on the Am6301. The only additional components required are 
resistors for a pair of voltage dividers and acapacitor to 
provide soft-start capabiilty. 
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In power supplies that employ push-pull or full- 
bridge switch configurations, variations in the 
transistor-switch speeds, or transformer windings 
can cause a condition known as transformer un- 
balance, which causes a difference in primary cur- 
rent on opposing half cycles. Because the transform- 
er’s primary windings are wound in opposite direc- 
tions, any unbalance will add to the transformer flux 
in one direction and subtract from it in the other 
direction. The result is a net bias, or de component, 
in the transformer flux. Therefore, the transformer 
will be driven closer to saturation in one direction 
than in the opposite direction. 

Transformer saturation must be prevented to 
protect the switch transistors from current spikes 
caused by the effective zero impedance of .a saturated 
‘inductor. The problem is usually solved either by 
overdesigning the power transformer or by connect- 
ing a large dc blocking capacitor in series with the 
transformer primary. Trouble is, a_ blocking 
capacitor tends to be especially large and expensive 
because of the high breakdown voltage and high 
capacitance required. 

A better solution is to use a circuit that adjusts 
the output on time. Because it offers one additional 
input (SYM Q, and SYM Q, in Fig. 1) to each output 
AND gate, the Am6301 can be conveniently in- 
terfaced with an imbalance-correction circuit. 


Power-supply protectlon schemes 


Three functional blocks in the Am6301 allow 
protection circuits to be included in power-supply 
designs. Overvoltage protection and undervoltage 
protection are provided by comparators A, and Ag, 
and current protection is provided by comparator 


Soft-start 
voltage | - 


Switched-mode power-supply IC 


A,. The IC is also protected from low supply voltages 
by comparator A,, which shuts down the outputs if 
the supply voltage falls below 9 V. 

The simplicity of the circuits provided in the 
controller chip allows a great deal of flexibility in 
power-supply protection. The undervoltage com- 
parator, for example, has its inverting input tied to 
V,er. Because there is no internal connection to the 
noninverting input, it can be connected to any signal 
that must be kept above some minimum value. The 
low-voltage threshold can be set to any value by the 
ratio of a pair of resistors (Fig. 5). This feature is 
often used to sense a power supply’s input voltage 
—shutting down: the system when the input is not 
sufficient for the driver circuit to saturate the switch 
transistors. Because of its 2.5-V threshold, A, can 
also -be used as a TTL-compatible on/off control. 
' Comparator A, senses overvoltages relative to 
Vier; usually it is employed to sense output voltage. 
When A, or A, detects an error, the outputs are 
immediately disabled and the soft-start capacitor 
begins to discharge (Fig. 6). If the error has been 
removed when Voor: starr reaches 1.5 V, comparator 
A, will reset the error latch and the circuit will 
restart using the soft start. Often, of course, errors 
that cause a shutdown will reoccur when the circuit 
restarts. If this happens, the system will cycle up 
and down until the error is permanently corrected. 

Some power-supply designers may prefer an SCR- 
type overvoltage protection—where the error latch 
must be manually reset before the supply can restart. 
With the Am6301, this can be accomplished by tying 
the A, output back to its noninverting input. Then 
the circuit can be restarted only by briefly breaking 
that connection or by removing power from the IC. 


eliminated 


» 
2 
5 

ui 





6. As shown In this timing diagram, the power supply will automatically restart after remote 
shutdown, provided the error has been eliminated. The soft-start feature avoids damage during 


turn-on if a system fault still exists. 


a 
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Switched-mode power-supply IC 





7. The controller chip allows cycle-by-cycle dynamic current 

. limiting. To use this feature, the designer needs merely to 
determine the value of the current-sensing resistor and the 
current-limiting knee. The circuit shown Is set to Ilmlt primary 
current at approximately 10 A. 


The Am6301 offers a cycle-by-cycle type of current 
limiting. The overcurrent comparator, A,, is con- 
nected directly to the pulse-turn-off flip-flop. When 
an overcurrent is sensed, the outputs are turned off 
in approximately 250 ns. Outputs are reenabled at 


the beginning of the next half cycle, unless the over- 
current is still present. Because the pulse-turn-off 
flip-flop can be reset only by a synchronization pulse, 
a double pulse on one output cannot occur during 
current limiting. With this design, the return current 
in the primary winding can be sensed. Then the 
switch transistors can be turned off quickly enough 
to protect them from damage. Of course, this circuit 
can just as easily be used to sense the output current 
of a switching power supply, to protect the output 
section and the load. 

Dynamic current limiting merely requires the 
selection of Rg and the current-limiting knee—an 
important improvement over older designs, where 
the threshold was related to the base-emitter voltage 
of a transistor. In these older designs, the current 
limit sometimes had to be set to more than 150% 
of the desired maximum current to allow for the 
curvature of the limiting knee. In the Am6301, on 
the other hand, the turn-on error stems only from 
the Vos of the comparator. The offset voltage has 
a maximum of 20 mV. This means that, with a 200- 
mV threshold voltage, turn-on uncertainty is only 
10%. The circuit shown in Fig. 7 is set to limit 
primary current at. 10 A +10%.O 
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5 Volt 100 Watt Line Operated 
Supply with Auxiliary =15V Output 


This supply shows several features which users of the Am6301 
will find useful. The output transformer and optocouplers provide 
isolation from the line. The switching devices are power FETs 
and a simple, direct gate-drive technique is used. A push-pull 
stage, usually needed only above 200 watts output, was used 
here to illustrate a technique for symmetry correction. The power 
output could easily be increased several times by using large 
magnetics and semiconductors while retaining the same regula- 
tion and drive circuitry. Finally, an auxiliary +15 volt output at .4 
amps is provided. 


Exceptional regulation and noise performance was obtained 
with up to 78% DC bus efficiency. Most of the losses occur in the 
Schottky rectifier on the 5 voit output. 


SCHEMATIC DESCRIPTION 


The input power passes through an RFI filter consisting of 
four .005uF capacitors and a common mode supression induc- 
tor. A thermistor limits the filter capacitor charging surge current. 
The rectifier and filter provide a DC bus voltage of 120 to 167 
volts: +15 volt driver power is obtained through a zener and 
series resistor. 


The power circuit consists of a commercially available output 
transformer driven in center-tapped, push-pull configuration by a 
pair of power FETs, IRF720, rated at 400V, 3A, 1.8 ohm. Pri- 
mary leakage inductance is snubbed by the diode-R-C networks 


consisting of 1N4937 diodes, .014F capacitors and 39k resis- . 


tors. The FETs are further protected from transients by a pair of 
transient absorbing zeners, 1.5KE350A. é 


The main output is rectified by Schottky diodes, SD241, which 
are snubbed by 10 ohm 0.039uF RC networks. An LC filter and 
preload resistor complete the output circuit. Auxiliary output is 
derived from a full wave doubler, IN4935, on winding 8, 9, 10 of 
the transformer. LC filters and 2.7k preload resistors furnish 
approximately +15 volts. These outputs have no feedback for 
load regulation, but the main output’s feedback circuitry gives 
them good line regulation. For main output loads above 2 amps 
and auxiliary output loads above 100mA, the auxiliary voltage 
will stay between 15 and 17 volts. Additional linear regulators 
could be placed on the outputs if desired. 


Feedback is taken from sense terminals. These are linked to the 
power terminals by 10 ohm resistors to maintain feedback in 
case the sense to power terminal connections (dotted lines) are 
omitted. The 5 volt sense points power the following circuits: the 
2.4V reference zener (1N4370) via the 2.2k resistor, op amps 
and the optocouplers via 270 ohm series resistors. A 33 ohm, 
22uF filter removes noise spikes from this power feed. The 
upper op-amp and optocoupler provide the main voltage regula- 
tion. The 2k pot sets the feedback voltage at 2.4 volts, for a 5 volt 
output. The .1.F cap is a spike filter. The positive input of the 
op-amp is referenced to the 2.4 voit zener. The op-amp runs at 
full open loop gain for DC and the .1uF from the negative input 
to the output forms compensation along with the 1k input resis- 
tor. The op-amp output drives the LED of the optocoupler. The 
lower op-amp and optocoupler are for overvoltage protection. 
The lower 2k pot sets the trip point. The circuitry is similar to the 
voltage feedback circuit described above, but the compensation 
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capacitor is substituted by a 100k feedback resistor to limit the 
gain. Any dual or quad op-amp, swinging to within .8 volts of 
either supply while operating at 5 volts, can be used. 


The phototransistor side of the voltage feedback optocoupler is 
powered by +15V and supplies its output via a 620 ohm load 
resistor. This voltage is applied to the Am6301 op-amp, con- 
nected as an inverting amplifier, with flat gain and no com- 
pensation. The noninverting input (pin 17) is held at +2.5V 
reference (pin 2). The loop will serve the output so that the 
LED current through the 620 ohm load generates a voltage of 
2.5 volts. 


The overvoltage optocoupler has a 4.7k load and goes directly 
to the overvoltage input on the Am6301 (pin 21). When the 
output reaches the trip point set on the 2k pot, the LED turns on 
the phototransistor, raising pin 21 from 0 to +15V, triggering the 
Am6301 into its protection mode. 


The 165 volt bus is applied to a divider chain formed by the 39k, 
12k, 2k pot and 470 ohm resistors. The 2k pot sets the input 
undervoltage trip point and its output goes to the Am6301 pin 19. 
When this point reaches below 2.5 volts, the IC shuts down. The 
same divider provides a 45 volt attenuated output to the 1 Meg 
pot and the 220k, which give feedforward current into the ramp 


terminal (pin 12) of the 1C. This reduces 120Hz ripple on. 


the output and allows use of a smaller filter capacitor on the 
165V bus. 


The push-pull outputs of the Am6301, on pins 4 and 15, are 
pulled up to +15V by 2.2k load resistors. This drives the inputs 
of a CMOS hex buffer. The three paralleled gates per side 
give fast rise drive waves to the 800pF load, presented by the 
power FET gates. 


Dynamic current limiting is obtained by sampling the FET source 


. 


currents with a .15 ohm sense resistor. This signal is filtered by . 


the 100 ohm/.01.F network and applied to the dynamic limit (pin 
22) of the Am6301. The current limit is set by the 200 ohm pot on 
the 2.5 volt reference. This is adjusted so that the output short 
circuit current is limited to 25 amps. 


Any asymmetry in the voltage or timing of the transformer input 
will result in a net DC flux, which will tend to saturate the trans- 
former and cause high peak currents in one of the FETs. It is 
prevented here by using the current sense voltage as an addi- 
tional input to the feedback op-amp. The .05F capacitor and 1k 
series resistor connect spike filtered current sense voltage at pin 
22 to the op-amp summing point at pin 16. The RC input network 
combined with the 5.6k feedback resistor, tailor the 
response so that it is rolled off below 3kHz and has no effect in 
the low frequency range, where the voltage feedback loop is 
operating. At the 25kHz switching frequency, the current sense 
loop has a gain of —5.6. The result is to superimpose a —1.25 
volt pulse on the control voltage at the op-amp output. For equal 
currents, this has no effect on the pulse widths. If one side has 
greater current, the pulse goes more negative, causing the 
PWM circuitry to shorten that pulse and reduce the current to 
that side. The effect generates unequal drive pulse widths, re- 
ducing the current unbalance to zero and equalizing the volt- 
second product on each winding. 
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PERFORMANCE DATA 


Figure 2 is a graph of efficiency vs main output current from 0 to 
full load. Efficiency, measured at 115V line and from the DC bus, 
was 66% at half load, rising to 73% at full load. If the drive supply 
zener power is not included, power efficiency is 78%. The drive 
circuitry actually consumes only 0.81 watts at 15 volts, so a 
separate drive supply would save considerable power over the 
zener shown here. 


Figure 3 is a graph of RMS ripple, note the low ripple at full load. 
Ripple is 6mVRMS maximum at full load off a 115V line. 


Figure 4 is a graph of main and auxiliary output regulation vs 
load. Note the slow linear change in auxiliary output with main 
output current. The +15 volt outputs fall to 7 volts if there is no 
load on the main output but stay within 2 volts in a 10-100% 
main output load range. Main output regulation is 0.32% no load 
to full load and only 0.02% total from 92 to 130 volts line. 


SCOPE PHOTOS 
lL. FET Switching 20 Amp (Full Load) 


#1 — Top — Vprain 100V/cm 
Bottom — Vg@aTe 10V/cm 
Time 5us/cm 


Note 300V peak stress on FET and 120Hz modulation of 
turn off time due to feedforward. 


#2 — Tumoff 
Top — Vpratn 100V/cm 
Bottom — VgaTte 10V/cm 
Time 100ns/em 


Note 30ns risetime. 


#3 — Turnon 
Top — Vpratn 100V/cm 
Bottom — VeaTte 10V/cm 
Time 100ns/em 


Note plateau in gate wave, 30ns turn on fall time. 


#4 ~— Both FET drains, and sum of both FET currents 

Top — Drain #1 100V/cm 

Middle — Drain #2 100V/cm 

Bottom — Current 1A/cm 

Time — 5us/em 
Note equal currents, small magnetizing current, clean 
switching waves. 
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Dynamic Symmetry Correction (S.C.) 


_ #5 — Conditions: Full load, 50 resistor inserted in series 


with one FET drain to cause severe unbalance. 
Top — Sum of drain currents, No S.C. 1A/cm 
Next — Op-amp output, 1V/cm, No S.C. 
Next — Sum of drain currents, with S.C. 1A/cm 
Bottom — Op-amp output, 1V/cm, with S.C. 
Time — 10us/cm 

Note perfect symmetry in lower current trace. 


#6 — Ramp and Control Voltage, No S.C. (Superim- 
posed) 1V/cm, 2us/cm 


#7 — Ramp and Control Voltage with S.C. (super 
posed) 1V/cm, 2us/em 


. Feedforward 


Conditions for all photos: 115V line, 20A load 

#8 — Output 
Top Trace: — 5V Ripple, AC coupled with feedfor- 
ward 20mV/cm 
Bottom Trace — 5V ripple, AC coupled without 
feedforward 20mV/cm 
Time — 2ms/cm, line sync 


Note improvement in 120Hz ripple by a factor of 8 (18dB), 
with no change in 25kHz ripple. 


#9 — Ramp, Oscillator Sync 
Top Trace — Ramp, pin 13 with feedforward 2V/cm 


Note variable slope and amplitude of ramp as it varies with 
the 120Hz ripple. “Notch” shows comparison point, at con- 
stant control voltage and varying pulse width. 


Bottom Trace — Ramp, pin 13 without feedforward 2V/cm 
Time — 5usec/em 


Note fixed ramp slope and amplitude. Comparison point 
(shown by transients) is moving on the ramp at the 120Hz 
ripple rate. 
#10 — Ramp, Line Sync 
Top Trace — Ramp pin 13 with feedforward, 
2V/cm 


Note variable amplitude at ripple rate, and fixed comparison 
point amplitude. 


Bottom Trace — Ramp, pin 13 without feedforward, 2V/cm 


Note fixed amplitude and comparison point varying at ripple 
rate. 
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Testing of Feed-Forward Control — 


The effect of feed-forward control can be observed by con- 
structing a simple power supply with switches to control the 
feed-forward and feedback circuits. 


In Figure 1, the feed-forward switch selects either Ry which is , 
connected to the input voltage or Ro which is connected to 

Vrer. The feedback switch connects the PWM input to either 

the error amplifier output (pin 14) or to an external DC voltage 

source. Rt and Cry are selected from the tables in the Am6301 

data sheet. Cr, is made equal to Ct so that Ry and Re can be 

calculated: * 


Ry (Q) = Rr [Vin(pk) — 0.7V] — (4 x 103) 
Ro (Q) = Rt°[1.8V] — (4x 103) 


This circuit can be run in four modes depending on the 
positions of the two switches. 


Mode 1: With both control circuits off, a 20% ripple on Vin will 
cause a 20% ripple on Vout. 


» 
a 
be 
«| 


Vin (AC) oS 


FEED-FORWARD 
O 
OFF 


2 | Vrer 


Mode 2: Using feedback only, the output ripple equals the Vij 
ripple divided by the error amplifier gain. Therefore, 
an error amplifier gain of 20 will reduce the output 
ripple to 1/20th of the input ripple. 

Mode 3: In the feed-forward only mode, there is no noticeable 
ripple occuring on the output. 

Mode 4: With both control circuits on, the mode slightly 

improves the line regulation. 


The following four plots show the amount of output ripple in the 
corresponding four modes described above. The circuit used is 
shown in Figure 1 with the feedback gain intentionally set to a 


_ low value to make the effect-of low feedback gain noticeable. 


Note that no adjustments to the feed-forward circuit were 
necessary other than power selection of Ry. 


The difference in line regulation between Mode 1 and Mode 4 - 
is approximately 26db. This implies that the input filter 

capacitor used in a Mode 1 implementation could be reduced 

by a factor of 10 in a Mode 4 circuit and have better line regu- 

lation than the original circuit. This represents a considerable 

reduction in the cost, size and weight of the power supply 

through advanced circuit design techniques. 
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Testing of Feed-Forward Control 


FEED-FORWARD PAPER 
7/30/82 


INPUT 
HSCL = 2ms/DIv 
VSCL = S00mv/DIV 


OUTPUT 
HSCL = 2mS/DIV 
VSCL = 50mvV/DIV 


FEED-FORWARD PAPER 
7/30/82 


INPUT 
HSCL = 2mS/DIV 
VSCL = 500mv/DIV 


OUTPUT 
HSCL = 2mS/DIV 
VSCL = S0mv/DIV 
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FEED-FORWARD PAPER 
7/30/82 


INPUT 


HSCL = 2mS/DIV 
VSCL = 1V/DIV 


OUTPUT 
HSCL = 2mS/DIV 
VSCL = 50mV/DIV 


FEED-FORWARD PAPER 
7/30/82 


INPUT 


HSCL = 2mS/DIV 
VSCL = 1V/DIV 


OUTPUT 


HSCL = 2mS/DIV 
VSCL = 50mV/DIV 
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Symmetry Correction 


In push-pull and full-bridge switched mode power supplies, vari- 
ations in switch speeds or transformer windings can cause a 
condition known as transformer unbalance, which in turn can 
cause a difference in primary current on opposite half cycles. 
Because the primary transformer windings are wound in opposite 
directions, this difference is added to the transformer flux in one 
direction and subtracted from it in the opposite direction. The 
result is a DC component in the transformer flux. This drives the 
transformer closer to the saturation in one direction than in the 
opposite direction. 


Transformer saturation must be prevented to protect the switch 
transistors from the current spikes that will occur as a result of 
the effective zero impedance of a saturated inductor. This prob- 
lem is most often solved by either over-designing the power 
transformer or by connecting a large DC blocking capacitor in 
series with the transformer primary. Both of these solutions in- 
crease parts cost and board space. The most common solution, 
the blocking capacitor, is especially large and expensive be- 
cause of the high breakdown voltage and high capacitance 
necessary. A circuit to adjust the output ON times individually 
to correct unbalances could save cost and space in a push- 
pull SMPS. 


Because it offers one additional input to each output AND gate, 
SYM Q, and SYM Qs, the Am6301 can be interfaced to an 
unbalance correction circuit (Figures 5 and 6). The bases of two 


2N3904 


2N3904 


+ A2 
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t5nF 
+Vg: +12V (9V... 15V) ii 
~Vg: —5V (REGULATED) = 
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AY 
+ 
1/4 Am348 p) : + 
“a 
b : 


Ag 


2N3904 switching transistors, are driven by an additional winding 
of the transformer so that the two peak detection circuits (Aj and 
Az) are switched on in phase with the power transistors, T; and 
To. These peak detectors store the peak primary currents as- 
sociated with the push-pull windings. The difference between 
these currents is amplified by A3, and used as a control voltage to 
a monostable multivibrator. The output of Ag is inverted by unity 
gain amplifier Aq, and used-as the control voltage to a second 
monostable multivibrator. When a transformer imbalance occurs, 
correction pulses generated by the control circuit at D and E delay 
the beginning of one Am6301 output pulse more than the other. 
The resulting asymmetrical duty cycle corrects the unbalance 
condition. Component values shown are for 50kHz operation, the 
values of Rs and Cy must be changed for other frequencies Rg 
can be found from the formula: , 


9 
frequency x 0.15nF 


Rs = 


The selection of Cyy should be done experimentally. Choose Cy - 
so that the monostable output pulse width is approximately half of 
the desired correction range when the Aj output is equal to the Aa 
output. Because only two inexpensive ICs are used, system parts 
cost is not increased significantly. 
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NETWORKING 








Networking — Section VIII 


Am7990 
Am7991 | 


Local Area Network Controller for Ethernet (LANCE) ................ 
Ethernet Serial Interface Adapter (SIA) ......... Whos otohewns dees 
Design Consideration for the Ethernet Node....... path walk tend 6 aaeeee 


system Overview — 


Advanced Micro Devices is introducing a set of LSI devices 
that provides the Ethernet system designer, and designers of 
Ethernet compatible products, a low cost physical and link level 
interface to the Ethernet Bus. 


The Am7990 Ethernet interface family is being designed using a 
combination of MOS and IMOX™ bipolar technologies. This fam- 
ily consists of the Am7990 Local Area Network Controller for 
Ethernet (LANCE), and the Am7991 Serial Interface Adapter 
(SIA). As shown in Figure 1, the Am7990 family provides the 
complete interface between the device System Bus and the 
Ethernet Transceiver Cable. 


The Am7990 LANCE is a 10M-bit/sec MOS device in a 48-pin 
package, optimized to perform the link level Ethernet protocol. 
The CSMA/CD network access, memory management (onboard 
DMA), error reporting, packet handling, and microprocessor 
interface functions also reside in the LANCE. 


The Am7991 Serial Interface Adaptor provides Manchester en- 
coding and decoding of the serial bit stream and interfaces the 
TTL output of the LANCE to the differential inputs of the trans- 
ceiver. It has an on board phase locked loop to recover clock from 
an incoming signal and can use an external crystal oscillator or 
TTL inputs to provide clock for transmission. 


Coupling the Ethernet Node to the Ethernet Cable requires a 
transceiver. Commercially available board or module transceiv- 
ers can be used with the LANCE and SIA. Advanced Micro 
Devices: has a monolithic transceiver in an early phase of 
development which should lower the cost significantly in this area 
as well. 


BASIC SYSTEM OPERATION 


Ethernet is asend and receive half duplex system. The node must 
function in either transmit or receive mode at any instant in time. 
Before transmission the node must be sure there is no contention 
for the bus. The Ethernet CSMA/CD network access algorithm is 
implemented completely within the LANCE. In addition to listen- 
ing for a clear coax before transmitting, Ethernet handles colli- 
sions in a predetermined way. Should two nodes attempt to 
transmit at the same time, the signals will collide and the data on 
the coax will be garbled. The transmitting nodes listen while they 
transmit and detect the collision. Both continue to transmit for a 
predetermined length of time to “jam” the network, insuring all 
nodes have recognized the collision. The transmitting nodes then 
delay arandom amount of time according to the “truncated binary 
backoff’ algorithm implemented in the LANCE, before attempting 
to transmit again. This minimizes the possibility of collision on 
retransmission. 


TRANSMIT MODE 


In the transmit mode, the LANCE initiates a DMA cycle to access 
data from a transmit buffer. It prefaces the data with a preamble, 
and sync pattern then calculates and appends a 32-bit CRC. 


This packet is transmitted serially to the SIA. The Manchester 
encoder in the SIA takes the transmitted data from the LANCE 
and creates the Manchester encoded differential signals 
TRANSMIT+ and TRANSMIT-— to drive the Transceiver cable. 
These differential signals are coupled through the transceiver 
cable, transceiver and on to the Ethernet coaxial cable. 


Figure 1. Ethernet Node Architecture 
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System Overview 


RECEIVE MODE 


When carrier is present on the Ethernet coax, the Transceiver will 
create the differential signals RECEIVE+ and RECEIVE-. 
These inputs to the SIA are decoded by the Manchester decoder. 
A phase locked loop synchronizes to the Ethernet Preamble, 
allowing the decoder to recover clock and data from the encoded 
signals. These two signals are supplied to the LANCE as the TTL 
signals RECEIVE DATA and RECEIVE CLOCK. In addition, the 
SIA creates the signal CARRIER PRESENT while it is receiving 
data from the cable, indicating to the LANCE that receive data 
and clock are available. When these signals reach the LANCE, 
the CRC is calculated and compared to the CRC checksum atthe 
end of the packet. If the calculated CRC doesn’t agree with the 
packet CRC an error bit is set and an interrupt generated to the 
microprocessor. 


ADDRESSING 


There are three addressing modes. The first is physical address- 
ing which requires a comparison of the 48-bit destination address 
in the packet with the node address programmed into the LANCE 
during initialization. The second mode is multi-cast addressing. 
This mode.can be useful when sending packets to all of one type 


situation where all nodes on the network receive the packet. In the 
final “promiscuous” mode of operation, a node will accept all 
packets on the coax regardless of their destination address. 


ERROR REPORTING 


Extensive error reporting is provided by the LANCE through 
microprocessor interrupt and error bits in a status register. The 
following are the significant error conditions: 


@ CRC error on receive 
@ Babbling error 


“@ Missed packet 


@ Memory error 


BUFFER MANAGEMENT 


A key feature of the LANCE and it's on board DMA channel is the 
flexibility and speed of communication between the LANCE and 
the host microprocessor through common memory locations. The 
basic organization of the buffer management consists of circular 
task queues called descriptor rings for transmit and receive oper- 
ations. Up to 128 tasks may be queued on a descriptor ring 
awaiting execution by the LANCE. (Figure 2) 


of a device simultaneously on the network, or for a broadcast 


Figure 2. LANCE/Processor Memory Interface 


MMMM, 
Logical Address Fliter P 
LLL LLL 


Transmit Descriptor for Nth Data Buffer 


WM 


Transmit Data Buffer #1 


Pn ehh hnk hk dcheceobeheech hed hhh hh kheckoknherherherhochehdte 


Transmit Data Buffer #2 


hhh hd hehehehe hatotcbdhehdhideheherhe hebectedadecahudiderdea 


Transmit Data Buffer #3 


, dckehck ke kkk hdohadecechechehdihedecerhocahe hoharhecdadeadeanherhenenherhetvertecerhl 


etn n nh dddhh nh htd hehehehehe hb dehddichedebedecdoctel 


Transmit Data Buffer #N 


Initialization 
Block 


Transmitter 
Descriptor 
Ring 

(4 words 
per entry) 


Receiver 
Descriptor 
Ring 

(4 words 
per entry) 


Transmit 
Data 
Buffers 


LAE AA A OPA A AO A AA er. 


Receiver Data Buffer #1 


OO ed hhh hehehehehe dohondenda acc Aertadhchachahehorkarhe hocgnhoathadeharderherdardecdadocl 


Receiver Data Buffer #2 


On eek Lk kk A hk deckhhkedhhhhndhekhchecechahehhechahodel 


Receiver Data Buffer #3 


Tn kddeh hn bh hdbbdkddehehhhhhddkteddederbeddedhudahhhehedehdeatl 


[il hehehe RR RRA Adhd Akokohechaahnahabaterhal 


: Receiver Data Buffer #N 


8-2 


Receiver 
Data 
Buffers 


03378B-2 





MICROPROCESSOR INTERFACE 


The parallel interface of the LANCE has been designed to be 
“friendly” or easy to interface to a variety of popular 16-bit micro- 
processors. These microprocessors include the 68000, Z8000"*, 
8086, and LSI-II** devices. ? 


System Overview 


The LANCE has a 24-bit wide linear address space when it is in 
the Bus Master Mode allowing it to DMA directly into the entire 
address space of the above microprocessors, The LANCE inter- 
faces with both multiplexed: and demultiplexed data busses 
(Figure 3) and features control signals for address/data bus 
transceivers. 


Figure 3. 
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b) Multiplexed Bus System Overview 
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*Z8000 is a trademark of Zilog, fnc. 
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DISTINCTIVE CHARACTERISTICS 


© Compatible with Ethernet specifications 
© Easily interfaced to 8086, 68000, Z8000, 
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LSI-II microprocessors 


Am/990 


Local Area Network Controller for Ethernet (LANCE) 
_IN DEVELOPMENT 


On-board DMA and buffer management 
24-bit wide linear addressing (Bus Master Mode) 


Network and packet error reporting 
Diagnostic Routines 

— Internal/external loop back 

—. CRC logic check 

— Time domain reflectometer 
48-pin DIP 

Single +5V power supply 
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GENERAL DESCRIPTION 


The Am7990 Local Area Network Controller for Ethernet 
(LANCE) is a 48-pin VLSI device designed to greatly simplify 
interfacing a microcomputer or minicomputer to an Ethernet 
Locai Area Network. This chip, in conjunction with the 
Am7991 Serial Interface Adapter (SIA) and closely coupled 
local memory and microprocessor, is intended to provide the 
user with a complete interface module for an Ethernet net- 
work. The Am7990 is designed using a scaled N-Channel 
MOS technology and is compatible with a variety of micro- 
processors. On-board DMA, advanced buffer management 
and extensive error reporting and diagnostics facilitate 
design and improve system performance. 


LANCE BLOCK DIAGRAM 
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TYPICAL ETHERNET NODE 


ETHERNET 


* CONTROLLER 


8-4 


TRANSCEIVER 
CABLE 


ETHERNET “ 


COAX 
03378B-6 





PIN DEFINITIONS 


DAL oo- 
DAL45 


A16—A23 


BMo/BYTE 


BM1/ 
BUSAKO 


Data/Address Lines (Input/Output 3-State). 
The time multiplexed Address/Data bus. During 
the address portion of a memory transfer, 
DALo9 — DAL45 contains the lower 16 bits of the 
memory address. The upper 8 bits of address are 
contained in Ayg—Az3. 


During the data portion of a memory transfer, 
DALoo~- DAL 15. contains the read or write data, 
depending on the type of transfer. 


The LANCE drives these lines as a Bus Master and 
as a Bus Slave. 


High Order Address Bus (Output 3-State). The 
additional address bits necessary to extend the 
DAL lines to access a 24-bit address. These lines 
are driven as a Bus Master only. 


(Input/Output 3-State). Indicates the type of 
operation to be performed in the current bus cycle. 
This signal is an output.when the LANCE is a Bus 
Master. 


High — Data is taken off the DAL by the chip 
Low — Data is placed on the DAL by the chip 


The signal is an input when the LANCE is a 
Bus Slave 


High — Data is placed on the DAL by the chip 
Low — Data is taken off the DAL by the chip 


BMo, BM, Byte Mask (Output). Pins 15 and 
16 are programmable through bit (00) of CSR. 


Asserting RESET clears CSR3. 
If CSRg (00) BCON = 0 
1/0 pin 16 = BM, (Output 3-state) 
1/0 pin 15 = BMg (Output 3-state) 
If CSRg (00) BCON = 1 
1/O pin 16 = BUSAKO (Output 3-state) 
1/0 pin 15 = Byte (Output 3-state) 
BMo, BM; Byte Mask. Indicates the byte(s) on the 
DAL to be read or written during this bus trans- 
action. The LANCE drives these lines only as a Bus 
Master. The chip ignores the Byte Mask lines when 
it is a Bus Slave and assumes word transfers. 


Byte selection is done as outlined'in the follow- 
ing table. 


CSR3 (00) BCON = 0 
BM; BMo — 


LOW LOW 
LOW. HIGH 
HIGH LOW 
HIGH HIGH 


An alternate byte selection line. Byte selection is 
done using the BYTE line and DAL gg line, latched 
during the address portion of the bus transaction. 
The chip drives BYTE only as a Bus Master and 
ignores it when a Bus Slave selection is done, 
(similar to BMo, BM). 


Whole word . 
Upper byte 
Lower byte 
None 


. There are two modes of ordering bytes dependent 


on bit 02 of CSR3 (BSWP). This programmable 
ordering of upper and lower bytes is necessary 
for compatibility with the various 16-bit micro- 
processors. 
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LANCE PIN DESCRIPTION 
D-48-1 


oon nner WH 


BM,/BYTE 
BM,/BUSAKO 
HOLD/BUSRG 


ALE/AS 


ALE/AS 


HLDA 
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Note: Pin 1 is marked for orientation. 


BUSAKO is a bus request daisy chain output. If the 
chip is not requesting the bus andit receives HLDA, 
BUSAKO will be driven low. If the LANCE was 
requesting the bus when it receives HLDA, 
BUSAKO will remain high. 


BSWP = 0 
and BCON = 1 


BSWP = 1 
and BCON = 1 


Chip Select (Input). Indicates, when asserted, that 
the LANCE is the slave device of the data transfer. 
CS must be valid throughout the data portion of the 
bus cycle. 


Register Address Port Select (Input). When 
LANCE is slave, ADR indicates which of the two . 
register ports is selected. ADR LOW selects 
register data port, ADR HIGH selects register 
address port. ADR must be valid throughout the 
data portion of the bus cycle and is only used by the 
LANCE when CS is low. 


Address Latch Enable (Output 3-State). Used to 
demultiplex the DAL lines and define the address 
portion of the bus cycle. This I/O pin is pro- 
grammable through bit (01) of CSR3. 
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As ALE, (CSRg (01), ACON = 0) the signal transi- 
tions from a HIGH to a LOW during the address 
portion of the transfer and remains low during the 
data portion. ALE can be used by a Slave device to 
control a latch on the bus address lines. When ALE 
is high the latch is open and when ALE goes low the 
latch is closed. 


As AS (CSR3 (01), ACON = 1), the signal pulses 
LOW during the address portion of the bus trans- 
action. The low to high transition of AS can be used 
by a slave device to strobe the address into a 
register. 


The LANCE drives the ALE/AS line only as a 
Bus Master. 


Data Strobe (Input/Output 3-State). Defines the 
data portion of the bus transaction. DAS is high 
during the address portion of a bus transaction and 
low during the data portion. The fow to high transi- 
tion can be used by a Slave device to strobe bus 
data into a register. DAS is driven only as a Bus 
Master. . 


Data/Address Line Out (Output 3-State). An 
external bus transceiver control line. DALO is as- 
serted when the LANCE drives the DAL lines. 
DALO will be low only during the address portion if 


the transfer is a READ. It will be low for the entire . 


transfer if the transfer is a WRITE. DALO is driven 
only when LANCE is a Bus Master. 


Data/Address Line In (Output 3-State). An 
external bus transceiver control line. .DALI is 
asserted when the LANCE reads from the DAL 
lines. It will be low during the data portion of a 
READ transfer and remain high for the entire 
transfer if it is a WRITE. DALTis driven only when 
LANCE is a Bus Master. 


Bus Hold Request (Output Open Drain). As- 
serted by the LANCE when if requires access to 
memory. HOLD is held LOW for the entire ensuing 
bus transaction. The function of this pin is pro- 
grammed through bit (00) of CSR. Bit (00) of 
CSR3 is cleared when RESET is asserted. 


When CSR3 (00) BCON = 0 
1/0 pin 17 = HOLD (Output Open Drain) 


FUNCTIONAL DESCRIPTION 


The parallel interface of the Local Area Network Controller for 
Ethernet (LANCE) has been designed to be “friendly” or easy to 
interface to a variety of popular 16-bit microprocessors. These 
microprocessors include the following: Z8000, 8086, 68000 and 
LSI-11. The LANCE has a 24-bit wide linear address space when 
it is in the Bus Master Mode allowing it to DMA directly into the 
entire address space of the above microprocessors. A pro- 
grammable mode of operation allows byte addressing in one of 
two ways: A Byte/Word control signal compatible with the 8086 
and Z8000, or an Upper Data Strobe and Lower Data Strobe 
signal compatible with microprocessors such as the 68000. A 
programmable polarity on the Address Strobe signal eliminates 
the need for external logic. The LANCE interfaces with both 
multiplexed and demultiplexed data busses and features contro! 
signals for address/data bus transceivers. 


During initialization, the CPU loads the starting address of the 
_ initialization block into two internal control registers. The LANCE 


When CSRz3 (00) BCON ="1 
1/0 pin 17 = BUSRQ (Output Open Drain) 


BUSRQ will be asserted only if I/O pin 17 is high 
prior to assertion. 


Bus Hold Acknowledge (Input). A response to 
HOLD. When HLDA is Iow in response to the chip’s 
assertion of HOLD, the chip is the Bus Master. 
HLDA deasserts upon the deassertion of HOLD. 


Interrupt (Output Open Drain). An attention sig- 
nal that indicates, when active, that one or more of 
the following CSRo status flags is set: BABL, 
MERR, MISS, RINT, TINT or IDON. INTR is ena- 
bled by bit 06 of CSRo (INEA = 1). 


Receive (Input). Receive Input Bit Stream. 
Transmit (Output). Transmit Output Bit Stream. 


Transmit Enable (Output). Transmit Output Bit 
Stream enable. A level asserted with the Transmit 
Output Bit Stream, TX, to enable the external 
transmit logic. 


Receive Clock (Input). A 10MHz square wave 
synchronized to the Receive data and only active 
while receiving an Input Bit Stream. 


Collision (Input). A logical input that indicates that 
a collision is occurring on: the channel. 


Receive Enable (Input). A logical! input that indi- 
cates the presence of carrier on the channel. 


Transmit Clock (Input). 10MHz clock. 


(Input/Output Open Drain). When the LANCE 
is a Bus Master, READY is an asynchronous 
acknowledgement from the bus memory that it will 
accept data if a WRITE or has put data on the DAL 
lines if a READ. As a Bus Master it is an input and 
as a Bus Slave an output. READY is aresponse to 
DAS and will return high after DAS has gone high. 


(Input). Bus Reset Signal. Causes the LANCE to 
cease operation and enter an idle state. 


Power supply pin +5 volts + 5%. 


Ground. 


has four internal control and status registers (CSRo, 1, 9, 3) which 
areused for various functions such as the loading of the initializa- 
tion block address, different programming modes and status 
conditions. The host processor communicates with the LANCE 
during the initialization phase, for demand transmission and 
periodically to read the status bits following interrupts. All other 
transfers to and from the memory are handled as DMA under 
microword control. 


Interrupts to the microprocessor are generated by the 
LANCE: 1) upon completion of its initialization routine, 2) the 
reception of a packet, 3) the transmission of a packet, 4) 
transmitter timeout error, 5) a missed packet and 6) memory 
error. 


The cause of the interrupt is ascertained by reading CSRo. Bit 
(06) of CSRo, (INEA) enables or disables interrupts to the 
microprocessor. In systems where polling is used in place of 
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Figure 1. LANCE/CPU Interfacing 
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b). Demultiplexed Bus 
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interrupts, bit (07) of CSRo (INTR) indicates an interrupt. 


condition. 


The basic operation of the LANCE consists of two distinct 
modes: transmit and receive. In the transmit mode the LANCE 
chip directly accesses data in a transmit buffer in memory. It 
prefaces the data with a preamble, sync pattern, and calculates 
and appends a 32-bit CRC. This packet is then ready for trans- 
mission to the Am7991 SIA. 


In the receive mode, packets are sent via the SIA to the LANCE. 
The packet is loaded into buffer memory. A CRC is calculated 
and compared with the CRC appended to the data packet. If the 
calculated CRC checksum doesn’t agree with the packet CRC, 
an error bit is set. 


ADDRESSING 


Packets can be received using 3 different destination addressing 
schemes: physical, logical and promiscuous. 


The first type is a full comparison of the 48-bit destination address 
inthe packet with the node address that was programmed into the 
LANCE during an initialization cycle. There are two types of 
logical address, one is group type mask where the 48-bit address 
in the packet is put through a hash filter in order to map the 48-bit 
physical addresses into 1 of 63 logical groups. This mode can be 
useful if sending packets to all of a particular type of device 
simultaneously (i.e., send a packet to all file servers or all printer 
servers). The second logical address is a multicast address 
where all nodes on the network receive the packet. The last 
receive mode of operation is the so-called “promiscuous mode” 
in which a node will accept all packets on the coax regardless of 
their destination address. 


COLLISION DETECTION AND IMPELMENTATION 


The Ethernet CSMA/CD network access algorithm is imple- 
mented completely within the LANCE. In addition to listening for a 
clear coax before transmitting, Ethernet handles collisions in a 
predetermined way. Should two transmitters attempt to seize the 
coax at the same time they will collide and the data on the coax 
will be garbled. The transmitting nodes listen while they transmit; 
detect the collision, then continue to transmit for a predetermined 
length of time to “jam” the network and ensure that all nodes have 
‘recognized the collision. The transmitting nodes then delay a 
random amount of time according to the Ethernet “truncated 
binary backoff” algorithm in order that the colliding nodes don't 
try to repeatedly access the network.at the same time. Up to 16 
attempts to access the network are made by the LANCE before 
reporting back an error due to excessive collisions. 


ERROR REPORTING AND DIAGNOSTICS 


Extensive error reporting is provided by the LANCE. Errors con- 
ditions reported relate either to the network as a whole or to data 
packets. Network-related errors are recorded as flags in the 
CSRs and are examined by the CPU following interrupt. Packet 
related errors are written into descriptor entries corresponding to 
the packet. 


System errors include: 


@ Babbling Transmitter 
— Transmitter attempting to transmit more than 1518 
data bytes. 
@ Collision 
— Collision detection circuitry nonfunctional 
e@ Missed packet 
— Insufficient buffer space 
@ Memory timeout 
— Memory response failure 


Packet related errors: 
e CRC 
— Invalid data 
e Framing 
— Packet did not end on a byte boundary 


_@ Overflow/Underflow 


~ Indicates abnormal latency in servicing 
a DMA request 
e Buffer 
— Insufficient buffer space available 


The LANCE performs several diagnostic routines which enhance 
the reliability and integrity of the system. These include a CRC 
logic check and two loop back modes (internal/external). Errors 
may be introduced into the system to check error detection logic. 
A Time Domain Reflectometer is incorporated into the LANCE to 
aid system designers locate faults in the Ethernet cable. Shorts 
and opens manifest themselves in reflections which are sensed 
by the TDR. 


BUFFER MANAGEMENT 


Akey feature of the LANCE and its on-board DMA channel is the 
flexibility and speed of communication between the LANCE :and 
the host microprocessor through common memory locations. 
The basic organization of the buffer management is a circular 
queue of tasks in memory called descriptor rings as shown in 
Figure 2. There are separate descriptor rings to describe transmit 
and receive operations. Up to 128 tasks may be queued up ona 
descriptor ring awaiting execution by the LANCE. Each entry ina 
descriptor ring holds a pointer to a data memory buffer and an 


Figure 2. LANCE/Processor Memory Interface 


MMMM ddd, 


Start Address of Transmitter Descriptor Ring 
Start Address of Receiver Descriptor Ring 
Physical Address 
Logical Address Filter 


tnitialization 
Block 


Mode of Operation ‘ 


CMM DD bbb 


Transmit Descriptor for ist Data Buffer 


N 


Transmit Descriptor for 2nd Data Buffer 
Transmit Descriptor for 3rd Data Buffer 


Transmitter 
Descriptor 
Ring 

{4 words 
per entry) 


Transmit Descriptor for Nth Data Buffer 
YY 


MMM 


Receiver Descriptor for 1st Data Buffer 


N 
N 


Receiver Descriptor for 2nd Data Buffer 

Recelver 
Descriptor 
Ring 

(4 words 
per entry) 


Recelver Descriptor for 3rd Data Buffer 


Receiver Descriptor for Nth Data Buffer : 


MMM 


Lp 
Transmit Data Buffer #1 


VTA dk he eed AeA eheahhenkeote 


Transmit Data Buffer #2 


A Ahedkd hhhh hehehehehe hchidhheddedadadeechhochchodhehehaedaatauhel 


. 


Transmit 
Transmit Data Buffer #3 Data 


Te eR nk kkhhh hhh ahhhh hhc Buffers 


TITER ADEM I ED ETT EE TEBE ADEE ES IE EE TES TE 
Transmit Data Buffer #N i 
a a A A A A EO Oa I 
Receiver Data Buffer #1 
V hahetharhnhenhehenhenthenthreherthaath uh subentatharhenthenbnthentnthenbentherhentuthatprhenheabententenbnhenhenthanthenthentrathal 
, Receiver Data Buffer #2 
PT eee ee RecA Rah ch ecetottnd Receiver 
Recelver Data Buffer #3 Data 


TILL | Ouffers 


TLL CRAM che Rekeekehnbee 


: Receiver Data Buffer #N 





03378B-10 








entry for the length of the data buffer. Data buffers can be chained 
or cascaded in order to handle a long packet in multiple data 
buffer areas. The LANCE searches the descriptor rings in a “look 
ahead manner” to determine the next empty buffer in order to 
chain buffers together or to handle back to back packets. As each 
buffer is filled, an “own” bit is reset allowing the host processor to 
process the data in the buffer. 


LANCE INTERFACE 


CSR bits such as ACON, BCON and BSWP are used for 
programming the pin functions used for different interfacing 
schemes. For example, ACON is used to program the polarity of 
the Address Strobe signal (ALE/AS). 


BCON ts used for programming the pins for handling either the 
BYTE/WORD method for addressing word organized, byte ad- 
dressable memories where the BYTE signal is decoded along 
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with the least significant address bit to determine upper or lower 
byte, or an explicit scheme in which two signals labeled as BYTE 
MASK (BMo and BM)}) indicate which byte is addressed. When 
the BYTE scheme is chosen the BM, pin canbe used for per- 
forming the function BUSAKO. 


BCON is also used to program pins for different DMA modes. Ina 
daisy chain DMA scheme, 3 signals (BUSRQ, HLDA, BUSAKO), 
are used. In systems using a DMA controller for arbitration, only 
HOLD and HLDA are used. 


All data transfers from the LANCE in the Bus Master mode are 


.timed by ALE, DAS and READY. The automatic adjustment of the 


LANCE cycle by the READY signal allows synchronization with 
variable cycle time memory due either to memory refresh or to 
dual port access. Bus cycles are a minimum of 600ns in length 
and can be increased in 100ns increments. 


BUS SLAVE READ TIMING 
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Note: 1. There are two types of delays which depend on which internal register is accessed. 
Typ 1 refers to access of CSRg, CSR, and RAP. 
Typ 2 refers to access of CSR; and CSRo. 
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READ SEQUENCE 


The read cycle is begun by valid addresses being placed on 
DALoo-DAL 5 and Ayg—Ao3. The BYTE MASK signals are 
_ placed valid to indicate a word, upper byte or lower byte memory 
reference and READ indicates the type of cycle. ALE or AS are 
pulsed and the trailing edge of either can be used to latch ad- 


dresses. DALgg — DAL 15 go into a 3-state mode and DAS falls 
low to signal the beginning of the memory access. The memory 
responds by placing READY low to indicate that the DAL lines 
have valid data. The LANCE then latches memory data on the 
rising edge of DAS which in turn ends the memory cycle and 
READY returns high. 


The bus transceiver controls, DALI and DALO, are used to 
control the bus transceivers. DALI signals to strobe data toward 
the LANCE and DALO signals to strobe data or addresses away 
from the LANCE. During a read cycle DALO goes inac- 
tive before DALI becomes active to avoid “spiking” of the bus 
transceivers. 


WRITE SEQUENCE 


The write cycle is very similar except that the DALgg— DAL15 
lines change from containing addresses to data after ALE or AS 
go inactive DAS goes active after data is valid on the bus. Data to 
memory is held valid after DAS goes inactive. 
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BUS MASTER TIMING 
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Notes: 1. Toycte is the minimum transfer cycle and takes 600ns. Using READY itis possible to extend it in multiples of 100ns. 
2. The READY setup time before negation of DAS is a function of the synchronization time of READY. This is a critical parameter. 
The synchronization must occur within two internal clock ticks; 100ns.. Therefore, the setup time will be 100ns plus the 
accumulated propagation delays and the ready slips will occur on 100ns increments. 
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BUS ACQUISITION TIMING 
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Note: 1. RESET is an asynchronous input to the LANCE and is not part of the Bus Acquisition timing. When RESET is asserted, 
the LANCE becomes a Bus Slave. 
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PROGRAMMING SPECIFICATION 


This section defines the control and Status Registers and 
the memory data structures required to program the Am7990 
(LANCE). 


PROGRAMMING THE Am7990 (LANCE) 


The Am7990 (LANCE) is designed to operate in an environment 
that includes close coupling with a local memory and a micro- 
processor (HOST). The Am7990 LANCE is programmed by a 
combination of registers and data structures resident within the 
chip and in memory. There are four Control and Status Registers 
(CSRs) within the chip which are programmed by the HOST 
device. Once enabled, the chip has the ability to access memory 
locations to acquire additional operating parameters. 


The Am7990 has the ability to do independent buffer manage- 
ment as well as transfer data packets to and from the Ethernet. 
There are three memory structures accessed by the Chip: 


1. Initialization Block — 12 words in contiguous memory starting 
ona word boundary. It also contains the operating parameters 
necessary for device operation. The initialization block is 
comprised of: 


Mode of Operation. 

Physical Address. 

Logical Address Mask. 

Location of Receive and Transmit Descriptor Rings. 
Number of Entries in Receive and Transmit 
‘Descriptor Rings. 


. Receive and Transmit Descriptor Rings —Two ring structures, 
one each for incoming and outgoing packets. Each entry in the 
rings is 4 words long and each entry must start on a quadword 
boundary. The Descriptor Rings are comprised of: 


e@ The address of a data buffer. 
® The length of that data buffer. 
e@ Status information associated with the buffer. 


. Data Buffers — Contiguous portions of memory reserved for 
packet buffering. Data buffers may begin on arbitrary byte 
boundaries. . 


In general, the programming sequence of the chip may be sum- 


marized as: 


1. Programming the chip’s CSRs by a host device to locate an 
initialization block in memory. The byte control, byte address- 
ing and address latch enable modes are defined here. also. 


. The chip loading itself with the information contained within 
the initialization block. 


3. The chip accessing the descriptor rings for packet handling. 


CONTROL AND STATUS REGISTERS 


There are four Control and Status Registers (CSRs) resident 
within the chip. The CSRs are accessed through two bus ad- 
dressable ports, an address port (RAP) and a data port (RDP). 


ACCESSING THE CONTROL AND STATUS REGISTERS 


The CSRs are read ‘(or written) in a two step operation. The 
address of the CSR to be accessed is written into the address 
port (RAP) during a bus slave transaction. During a subsequent 
bus slave transaction, the data being read from (or written into) 
the data port (RDP) is read from (or written into) the CSR selected 
in the RAP. 


Once written, the address in RAP remains unchanged until 
rewritten. ; 


To distinguish the data port from the address port a discrete !/O 
pin is provided. 


ADR1/O Pin Port 


L Register Data Port (RDP) 
H Register Address Port (RAP): 


Register Data Port (RDP) 


15 ; 0 


' CSRDATA 


Bit Name 
15:00 CSR Data 


Description 


Writing data into RDP writes the 
data into the CSR selected in RAP. 
Reading the data from the RDP reads 
the data from the CSR selected in 
RAP. CSRy, CSRe and CSR3 are 
accessible only when the STOP bit of 
CSRo is set. 

\f the STOP bit is not set while at- 
tempting to access CSR1, CSRo or 
CSR3, the chip will return READY, 
but a READ operation will return 
undefined data. WRITE operation 
is ignored. 


Register Address Port (RAP) 


I en 
| ; = CSR 1:0 
RES 


Name Description 


RES Reserved and read as zeroes. 


CSR(1:0) CSR address select. READ/WRITE. 
Selects the CSR to be accessed 
through the RDP. RAP is cleared by 
Bus RESET. 


CSR(1:0) CSR 


CSRo 
CSR, 
CSRoe 
CSR3 


CONTROL AND STATUS REGISTER DEFINITION 
Control and Status Register 0 (CSR9) 





Description 


ERROR summary is set by the “OR” 
of BABL, CERR, MISS and MERR. 
ERR remains set as long as any of 
the error flags are true. 


ERR is read only, writing it has no 
effect. It is cleared by Bus RESET, 
by setting the STOP bit or clearing 
the individual! error flags. 


BABBLE is a transmitter timeout 
error, It indicates that the transmitter 
has been on the channel longer than 
the time required to send the 
maximum length packet. 


BABL is a flag which indicates 
excessive length in the transmit 
buffer. It will be set after 1519 
data bytes have been transmitted; 
the chip will continue to transmit 
until byte count equals zero unless 
an interrupt has been generated 
(INEA = 1).: 

BABL is READ/CLEAR ONLY and is 
set by the chip and cleared by writing 
a“1” into the bit. Writing a “0” has no 
effect. It is cleared by RESET or by 
setting the STOP bit. 


COLLISION ERROR indicates that 
the collision input to the chip failed 
to activate within 2us after a chip 
initiated transmission was com- 
pleted. The collision after transmis- 
sion is a transceiver test feature. 


CERR is READ/CLEAR ONLY andis 
set by the chip and cleared by writing 
a “1” into the bit. Writing a “0” has no 


effect. It is cleared by RESET or by 


setting the STOP bit. 


MISSED PACKET is set when the 
receiver loses a packet because it 
does not own a receive buffer and 
the silo has overflowed, indicating 
loss of data. 


Silo overflow is not reported be- 
cause there is no receive ring entry 
in which to write status. 


When MISS is set, an interrupt will be 
generated if INEA = 1. 


MISS is READ/CLEAR ONLY and is 
set by the chip and cleared by writing 
a “1” into the bit. Writing a “0” has no 
effect. It is cleared by RESET or by 
setting the STOP bit. 


MEMORY ERROR is set when the 
chip is the Bus Master and has not 
received READY within 25.6ys after 
asserting the address on the DAL 
lines. 


When a Memory Error is detected, 
the receiver and transmitter are 
turned off and an interrupt is gener- 
ated if INEA = 1. 
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Description 


MERR is READ/CLEAR ONLY andis 
set by the chip and cleared by writing 
a “1” into the bit. Writing a “0” has no 
effect. It is cleared by RESET or by 
setting the STOP bit. 


RECEIVER INTERRUPT is set after 
the chip updates an entry in the 
Receive Descriptor Ring. 

When RINT is set, an interrupt is 
generated if INEA = 1. 


RINT is READ/CLEAR ONLY and is 
set by the chip and cleared by writing 
a “1” into the bit. Writing a “0” has no 
effect. It is cleared by RESET or by 
setting the STOP bit. 


TRANSMITTER INTERRUPT is set 
after the chip updates an entry in the 
transmit descriptor ring. 


When TINT is set, aninterrupt is gen- 
erated if INEA = 1. 


TINT is READ/CLEAR ONLY and is 
set by the chip and cleared by writing 
a‘1” into the bit. Writing a “O” has no 
effect. It is cleared by RESET or by 
setting the STOP bit. 


INITIALIZATION DONE indicates 
that the chip has completed the 
initialization procedure started by 
setting the INIT bit. When IDON is 
set, the chip has read the Initialization 
Block from memory and stored the 
new parameters. 


When IDON is set, an interrupt is . 


‘generated if INEA = 1. 


IDON is READ/CLEAR ONLY and is 
set by the chip and cleared by writing 
a “1” into the bit. Writing a““0” has no ~ 
effect. It is cleared by RESET or by 
setting the STOP bit. 


INTERRUPT FLAG indicates that 
one or more of the following interrupt 
causing conditions has occurred: 
BABL, MISS, MERR, RINT, TINT, 
IDON. If INEA = 1 and INTR = 1, the 
INTR I/O pin will be low. 


INTR is READ ONLY, writing this bit 
has no effect. INTR is cleared by 
RESET or by setting the STOP bit. 


INTERRUPT ENABLE allows the 
INTR I/O pin to be driven low when 
the Interrupt Flag is set. If INEA = 1 
and INTR = 1, the INTR1/O pin will be 
low. If INEA = 0, the INTR I/O pin will 
be high, regardless of the state of the 
Interrupt Flag. 


INEA is READ/WRITE and cleared 
by RESET or by setting the STOP bit. 


RECEIVER ON indicates that the 
receiver is enabled. RXON is set 
when STAT is set if DRX = O in the 
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Description 


MODE register in the initialization 
block and the initialization block has 
been read by the chip by setting the 
INIT bit. RXON is cleared when IDON 
is set from setting the INIT bit and 
DRX = 1 in the MODE register or a 
memory error (MERR) has occurred. 
RXON is READ ONLY, writing this bit 
has no effect. RXON is cleared by 
RESET or by setting the STOP bit. 


TRANSMITTER ON indicates that 
the transmitter is enabled. TXON is 
set when START is set if DTX = O in 
the MODE register in the initialization 
block and the INIT bit has been set. 
TXON is cleared when IDON is set 
and DTX = 1 in the MODE register or 
an error has occurred during trans- 
mission or a memory error (MERR) 
has occurred. 


TXON is READ ONLY, writing this bit 
has no effect. TXON is cleared by 
RESET or by setting the STOP bit. 


TRANSMIT DEMAND, when set, 
causes the chip to access the 
Transmit Descriptor Ring without 
waiting for the polltime interval to 
elapse. TDMD need not be set to 
transmit a packet, it merely hastens 
the chip’s response to a Transmit 
Descriptor Ring entry insertion by 
the host. 

TDMD is WRITE WITH ONE ONLY 
and cleared by the microcode after it 
is used. It. may read as a “1” fora 
short time after it is written because 
the microcode may have been busy 
when TDMD was set. It is also 
cleared by RESET or by setting the 
STOP bit. Writing a “0” in this bit has 
no effect. 


STOP disables the chip from all 
external activity when set and clears 
the internal logic. Setting STOP is 
the equivalent of asserting RESET. 
The chip remains inactive and STOP 
remains set until the STRT or INIT bit 
is set. If STRT, INIT and STOP are all 
set together, STOP will override the 
other bits and only STOP will be set. 


STOP is READ/WRITE WITH ONE 
ONLY and set by RESET. Writing 
a “0” to this bit has no effect. STOP 
is cleared by setting either INIT 
or STRT. 


START enables the chip to send 
and receive packets, perform direct 
memory access and do buffer man- 
agement. Setting STRT clears the 
STOP bit. 


If STRT and INIT are set together, the 
INIT function will be executed first. 


Description 


STRT is READ/WRITE WITH ONE 
ONLY. Writing a “0” into this bit has 
no effect. STRT is cleared by RESET 
or by setting the STOP bit. 


INITIALIZE, when set, causes the 
chip to begin the initialization pro- 
cedure and access the Initializa- 
tion Block. Setting INIT clears the 
STOP bit. 


If STRT and INIT are set together, the 
INIT function willbe executed first. 
INIT is READ/WRITE WITH “1” 
ONLY. Writing a “0” into this bit has 
no effect. INIT is cleared by RESET 
or by setting the. STOP bit. 


Control and Status Register 1 (CSR) 


RAP = 1 


READ/WRITE: Accessible only when the STOP bit of CSRo is 
a ONE. CSR; is unaffected by RESET. 


Bit 
15:01 


00 


Name 
IADR 


a eee (15:01) 


Description 


The low order 16 bits of the address 
of the first word (lowest address) in 
the Initialization Block. 


Must be zero. 


Control and Status Register 2 (CSRa) 


RAP = 2 


READ/WRITE: Accessible only when the STOP bit of CSRo is 
a ONE. CSR¢@ is unaffected by RESET. 


Bit 
15:08 
07:00 


| L____ apr (23:16) 
RES 


Name 


RES 
IADR 


Description 
Reserved. 


The high order 8 bits of the address 
of the first word (lowest address) in 
the Initialization Block. 


Control and Status Register 3 (CSR3) 
CSR3 allows redefinition of the Bus Master interface. 


RAP = 3 


READ/WRITE: Accessible only when the STOP bit of CSRo is 
ONE. CSR3 is cleared by RESET or by setting 
the STOP bit in CSRo. 





INITIALIZATION 


INITIALIZATION BLOCK 


Chip initialization includes the reading of the initialization block in 
memory to obtain the operating parameters. The following is a 
definition of the Initialization Block. 


The initialization Block is read by the chip when the INIT bit in 


Description 

Reserved and read as “0”. 

BYTE SWAP allows the chip to oper- 
ate in systems that consider bits 
(15:08) to be the least significant byte 
and bits (07:00) to be the most sig- 
nificant byte. 


When BSWP = 1, the chip will swap 


the high and low bytes on DMA data 
transfers between the silo and bus 
memory. Only data from silo trans- 
fers is swapped, the Initialization 
Block data and the Descriptor Ring 
entries are NOT swapped. 


BSWP is READ/WRITE and cleared 
by RESET or by setting the STOP bit 
in CSRo. 

ALE CONTROL defines the assertive 
state of ALE when the chip is a Bus 
Master. ACON is READ/WRITE and 
cleared by RESET and by setting the 
STOP bit in CSRo. 


ACON ALE 
0 Asserted High 
1 Asserted Low 


BYTE CONTROL redefines the Byte 
Mask and Hold I/O pins. BCON 
is READ/WRITE and cleared by 
RESET or by setting the STOP bit 
in CSRo. 
1/0 Pin 1/0 Pin 1/0 Pin 
BCON 16 15 17 
0 BM, BMp HOLD 
1 BUSAKO BYTE BUSRQ 


CSRo is set. The INIT bit should be set before or concurrent with 
the STRT bit to insure proper parameter initialization and chip 
operation. After the chip has read the Initialization Block, IDON is 
set in CSRo and an interrupt is generated if INEA = 1. 


Higher Addresses 
Base Address of Block 


IADR +22 
IADR +20 
IADR +18 
IADR +16 
IADR +14 
IADR +12 
IADR +10 
IADR +08 
IADR +06 


TLEN-TDRA (23:16) 
TDRA (15:00) 
RLEN-RDRA (23:16) 
RDRA (15:00) 
LADRF (63:48) 

~ LADRF (47:32) 
LADRF (31:16) 
LADBF (15:00) 
PADR (47:32) 


Mode 
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IADR +04 
IADR +02 


IADR +00 


PADR (31:16) 
PADR (15:00) 


MODE 


The Mode Register allows alteration of the chip’s operating 
parameters. Normal operation is with the Mode Register clear. 


15 14 


14:07 
06 


Name 
PROM 


RES 
INTL 


7 6 5 4 3 2 1. 0 


Description 


PROMISCUOUS mode. When 
PROM = 1, all incoming packets 
are accepted. , 


RESERVED 


INTERNAL LOOPBACK is used with 
the LOOP bit to determine where the 
loopback is to be done. Internal loop- 
back allows the chip to receive its 
own transmitted packet. Since this — 
represents full duplex operation, the 
packet size is limited to 32 bytes. 
INTL is only valid if LOOP = 1, other- 
wise it is ignored. 
LOOP INTL LOOPBACK 

0 X No loopback, normal 
~4 0 External 

1 1 Internal 
DISABLE RETRY. When DRATY = 1, 
the chip will attempt only one trans- 
mission of a packet. If there is a colli- 
sion on the first ttansmission attempt, 


‘a Retry Error (RTRY) will be reported 


in Transmit Message Descriptor 3 
(TMD3). 


FORCE COLLISION. This bit allows 
the collision logic to be tested. The 
chip must be in internal loopback 
mode for COLL to be valid. If COLL = 
1, a Collision will be forced during the 
subsequent transmission attempt. 
This will result in 16 total transmission 
attempts with a retry error reported 
in TMD3. 

DISABLE TRANSMIT CRC. When 
DTCR = 0, the transmitter will gen- 
erate and append a CRC to the 
transmitted packet. When DTCR = 
1, the CRC logic is allocated to the 


_ receiver and no CRC is generated 


and sent with the transmitted packet. 
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Description 


During loopback, DTCR = 0 will 
cause a CRC to be generated on the 
transmitted packet butno CRC check 
will be done by the receiver since the 
CRC logic is shared and cannot gen- 
erate and check CRC at the same 
time. The generated CRC will be 
written into memory with the data and 
can be checked by the host software. 


lf DTCR = 1 during loopback, the 
host software must append a CRC 
value to the transmit data. The 
receiver will check the CRC on the 
received data and report any errors. 


LOOPBACK allows the chip to oper- 
ate in full duplex mode for test pur- 
poses. The maximum packet size is 
limited to 32 bytes. During loopback, 
the runt packet filter is disabled be- 
cause the maximum packet is forced 
to be smaller than the minimum size 
Ethernet packet (64 bytes). 


LOOP = 1 allows simultaneous 
transmission and reception for a 
message constrained to fit within the 
silo. The chip waits until the entire 
message is in the silo before seria! 
transmission begins. The incoming 
data stream fills the silo from behind 
as it is being emptied. Moving the 
received message out of the silo to 
memory does not begin’ until 
reception has ceased. 


In loopback mode, transmit data 
chaining is not possible. Receive 
data chaining is possible if receive 
buffers are 32 bytes long to allow time 
for lookahead. 


DISABLE THE TRANSMITTER 
causes the chip to not access the 
Transmitter Descriptor Ring and 
therefore no transmissions are at- 
tempted DTX = 1 will clear the 
TXON bit in CSRo when initializa- 
tion is complete. 


DISABLE THE RECEIVER causes 
the chip to reject all incoming pac- 
kets and not access the Receive 
Descriptor Ring. DRX = 1 will clear 
the RXON bit in the CSRo when in- 
itialization is complete. 


Physical Address 


| ‘o’ 
PADR (47:01) 


Descriptor 


PHYSICAL ADDRESS is the unique 
48-bit physical address assigned to 
the chip. PADR (0) must be zero. 


Bit Name 
47:00 PADR 


Logical Address Filter 


The logical address filter is a 64-bit mask that is used to accept 
incoming Logical Addresses. The incoming address is sent 
through the CRC circuit. After all 48 bits of the address have gone 
through the CRC circuit, the high order 6 bits of the resultant CRC 
are strobed into a register. This register is used to select one of 
the 64-bit positions in the Logical Address Filter. If the selected 
filter bit is a1,” the address is accepted and the packet will be put 
in memory. The first bit of the incoming address must be a “1” for 
alogical address. If the first bitis a “0,” itis a physical address and 
is compared against the physical address that was loaded 
through the initialization block. 


The Broadcast address, which is all ones, does not go through the 
Logical Address Filter and is always enabled. If the Logical 
Address Filter is loaded with all zeroes, all incoming logical 
addresses except broadcast will be rejected. 


Bit Name 
63:00 LADRF 


Descriptor 


The 64-bit mask used by the chip to 
accept logical addresses. 


Receive Descriptor Ring Pointer 


31-29 28 24 23 


ee ee 
| L_ pes Bs (QUADWORD BOUNDARY) 
RLEN - L- RpRA (23:03) 
Bit Name 
15:13 RLEN 


Description 


RECEIVE RING LENGTH is the 
number of entries in the receive ring 
expressed as a power of two, 


Number 
of Entries 


- yD 
Noanron-aof 
za 


RESERVED 


RECEIVE DESCRIPTOR RING 
ADDRESS is the base address 
(lowest address) of the Receive De- 
scriptor Ring. 

MUST BE ZEROES. These bits are 
RDRA (02:00) and must be zeroes 
because the Receive Rings are 
aligned on quadword boundaries. 





Transmit Descriptor Ring Pointer 


31 29 28 24 23 


oe en a 
LL RES fess (QUADWORD BOUNDARY) 
ites TLEN TDRA (23:03) 
Bit Name 
15:13 TLEN 


Description 


TRANSMIT RING LENGTH is the 
number of entries in the Transmit 
Ring expressed as a power of two. 


TLEN Number of Entries 
1 


RESERVED 


TRANSMIT DESCRIPTOR RING 
ADDRESS is the base address (low- 
est address) of the Transmit De- 
scriptor Ring. 


MUST BE ZEROES. These bits are 
TDRA (02:00) and must be zeroes 
because the Transmit Rings are 
aligned on quadword boundaries. 


BUFFER MANAGEMENT 


Buffer Management is accomplished through message descrip- 
tors organized in ring structures in memory. Each message de- 
scriptor entry is four words long. There are two rings allocated for 
the device: a Receive ring and a Transmit ring. The device is 
capable of polling each ring for buffers to either empty or fill with 
packets to or from the channel. The device is also capable of 
entering status information in the descriptor entry. Chip polling is 
limited to looking one ahead of the descriptor entry the chip is 
currently working with. , 


The location of the descriptor rings and their length are found in 
the initialization block, accessed during the initialization proce- 
dure by the chip. Writing a “ONE” into the STRT bit of CSRo will 
cause the chip to start accessing the descriptor rings and enable 
it to send and receive packets. 


The chip communicates with a HOST device (probably a micro- 
processor) through the ring structures in memory. Each entry in 
the ring is either “owned” by the chip or the HOST. There is an 
ownership bit (OWN) in the message descriptor entry. Mutual 
exclusion is accomplished by a protocol which states that each 
device can only relinquish ownership of the descriptor entry to 
the.other device; it can never take ownership, and each device 
cannot change the state of any field ‘in any entry after it-has 
relinquished ownership. 


DESCRIPTOR RINGS 


Each descriptor in a ring in memory is a 4 word entry. The 
following is the format of the receive and the transmit descriptors. 


Receive Message Descriptor Entry 


Receive Message Descriptor 0 (RMD) 


Name 
LADR 
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Description 


The LOW ORDER 16 address bits 
of the buffer pointed to by this de- 
scriptor. LADR is written by the host 
and unchanged by the chip. 


Receive Message Descriptor 1 (RMD) 


8-17 


15 8 7 0 
a eel 


= HADR 


ENP 
STP 


crc 


Description 


This bit indicates that the descriptor 
entry is owned by the host (OWN = 
0) or by the chip (OWN = 1). The chip 
clears the OWN bit after filling the 
buffer pointed to by the descriptor 
entry. The host sets the OWN bit - 
after emptying the buffer. Once the 
chip or host has relinquished owner- 
ship of a buffer, it must not change 
any field in the four words that com- 
prise the descriptor entry. 


ERROR summary is the “OR” of 
FRAM, OFLO, CRC or BUFF. ERR 
is set by the chip and cleared by 
the host. 


FRAMMING ERROR indicates that 
the incoming packet contained a 
noninteger multiple of eight bits and 
there was a CRC error. If there was 
not a CRC error on the incoming 
packet, then FRAM will not be set 
even if there was a noninteger multi- 
ple of eight bits in the packet. FRAM 
is set by the chip and cleared by 
the host. 


OVERFLOW error indicates that the 
receiver has lost all or part of the 
incoming packet due to an inability to 
store the packet in a memory buffer 
before the internal silo overflowed. 
OFLO is set by the chip and cleared 
by the host. 


CRC indicates that the receiver has 
detected a CRC error on the 
incoming packet. CRC is set by the 
chip and cleared by the host. 


BUFFER ERROR is set any time 
the chip does not own the next buf- 








Am7990 


Bit Name Description . 


fer while data chaining a received 
packet. This can occur in either of 
two ways; the OWN bit of the next 
buffer is zero, or silo overflow oc- 
curred before the chip received the 
next STATUS. BUFF is set by the 
chip and cleared by the host. 


lf a Buffer Error occurs, an Overflow 
Error will also occur because the chip 
tries to acquire the next buffer until 
the silo, overflows. 
START OF PACKET indicates that 
this is the first buffer used by the chip 
for this packet. It is used for data 
‘ chaining buffers. STP is set by the 
chip and cleared by the host. 


END OF PACKET indicates that 
this is the last buffer used by the chip 
for this packet. It is used for data 
chaining buffers. If both STP and 
ENP are set, the packet fit into one 
buffer and there was no data chain- 
ing. ENP is set by the chip and 
cleared by the host. 


The HIGH ORDER 8 address bits 
of the buffer pointed to by this de- 
scriptor. This field is written by the 
. host and unchanged by the chip. 


09 STP 


08 ENP © 


07:00 HADR 


Receive Message Descriptor 2 (RMD2) 


15 12 11 0 


Po ie ee 


a 


| a BCNT 
MUST BE ONES 


Bit Name Description 

15:12 MUST BE ONES. This field is 
written by the Host and unchanged 
by the chip. 

11:00 BCNT BUFFER BYTE COUNT is the 


length of the buffer pointed to by 
this descriptor, expressed as a 
two’s complement number. This 
field is written by the host and un- 
changed by the chip. Minimum 
buffer size is 64 bytes. 


Receive Message Descriptor 3 (RMD3) 


15 , 12 11 0 


a Sa 


a a 


| Lo MCNT 
RES 





Bit Name Description 
15:12 RES RESERVED and read as zeroes. 
11:00 MCNT MESSAGE BYTE COUNT is the 


length in bytes of the received mes- 
sage. MCNT is valid only when ERR 


8-18 


is clear and ENP is set. MCNT is 
written by the chip and cleared by 
the host. 


Transmit Message Descriptor Entry 


Transmit Message Descriptor 0. (TMD9) 


15 0 
Bit Name Description 
15:00 LADR The LOW ORDER 16 address bits of 


the buffer pointed to by this descrip- 
tor. LADR is written by the host and 
unchanged by the chip. 


Transmit Message Descriptor 1 (TMD4) 


15 8 7 0 
nn 


be ee HADR 
ENP 
STP 
DEF 
ONE 
MORE 
RES 
ERR 
OWN 


Bit Name 
15 OWN 


Description 





This bit indicates that the descriptor 
entry is owned by the host (OWN = 
0) or by the chip (OWN = 1). The host. 
sets the OWN bit after filling the buf- 
fer pointed to by this descriptor. The 
chip clears the OWN bit after trans- 
mitting the contents of the buffer. 
Both the host and the chip must not 
alter a descriptor entry after it has 
relinquished ownership. 


ERROR summary is the “OR” of 
LCOL, LCAR, UFLO or RTRY. ERR 
is set by the chip and cleared by 
the host. 


RESERVED bit. The chip will write 
this bit with a “0.” 


MORE indicates that more than one 
retry was needed to transmit a 
packet. MORE is set by the chip and 
cleared by the host. 


14 - ERR 


13 RES 


12 MORE 


11 ONE ONE indicates that exactly one retry 
was needed to transmit a packet. 
ONE is set by the chip and cleared by 


the host. 


DEFERRED indicates that the chip 
had to defer while trying to transmit a 
packet. This condition occurs if the 
channel is busy when the chip is 
ready to transmit. DEFER is set by 
the chip and cleared by the host. 


10. DEF 


Description 


START OF PACKET indicates that 
this is the first buffer to be used by the 
chip for this packet. It is used for data 
chaining buffers. STP is set by the 
host and unchanged by the chip. 


END OF PACKET indicates that this 
is the last buffer to be used by the 
chip for this packet. It is used for data 
chaining buffers. If both STP and 
ENP are set, the packet fit into one 
buffer and there was no data chain- 
ing. ENP is set by the host and un- 
changed by the chip. 


The HIGH ORDER 8 address bits 
of the buffer pointed to by this de- 
scriptor. This field is written by the 
host and unchanged by the chip. 


Transmit Message Descriptor 2 (TMD2) 


15 


Bit 
16:12 


11:00 


201 


| L__ senr 
ONES 


Name 
ONES 


BCNT 


Description 


Must be ones. This field is set by 
the host and unchanged by the chip. 


BUFFER BYTE COUNT is the usa- 
ble length in bytes of the buffer 
pointed to by this descriptor expres- 
sed as a two’s complement number. 
This is the number of bytes from 
this buffer that will be transmitted by 
the chip. This field is written by the 
host and unchanged by the chip. 
Minimum buffer size is 64 bytes. 


Transmit Message Descriptor 3 (TMD3) 


15 


109. 
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Description 


BUFFER ERROR is set by the chip 
during transmission when the chip 
does not find the ENP flag in the 
current buffer and does not own the 
next buffer. This can occur in either 
of two ways; either the OWN bit of 
the next buffer is zero, or silo over- 
flow occurred before the chip re- 
ceived the next STATUS signal. 
BUFF is set by the chip and cleared . 


-by the host. 


If a Buffer Error occurs, an Underflow 
Error will also occur because the chip 
tries to read memory data until the 
silo is empty. 


UNDERFLOW ERROR indicates 
that the transmitter has truncated a 
message due to data late from mem- 
ory. UFLO indicates that the silo has 
emptied before the end of the packet 
was reached. 


UFLO is set by the chip and cleared 
by the host. 


‘RESERVED bit. The chip will write 


this bit with a “0.” 


LATE COLLISION indicates that a 
collision has occurred after the slot 
time of the channel has elapsed. The 
chip does not retry on late collisions. 
LCOL is set by the chip and cleared 
by the host. 


LOSS OF CARRIER is set when the 
carrier input (RENA) to the chip 
goes false during a chip initiated 
transmission. The chip does not 
re-try upon loss of carrier. LCAR 
is set by the chip and cleared by 
the host. 


RETRY ERROR indicates that the 
transmitter has failed in 16 attempts 
to successfully transmit a message 
due to repeated collisions on the 
medium. If DRTY = 1 in the MODE 
register, RTRY will set after 1 failed 
transmission attempt. RTRY is set by 
the chip and cleared by the host. 


TIME DOMAIN REFLECTOMETRY 
reflects the state of an internal chip 
counter that counts from the start of a 
transmission to the occurrence of a 
collision. This value is useful in de- 
termining the approximate distance 
to a cable fault. The TDR value is 
written by the chip and is valid only if 
RTRY is set. 








Am7990 
MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature 
Temperature (Ambient) Under Bias 
Supply Voltage to Ground Potential Continuous 


DC CHARACTERISTICS OVER OPERATING RANGE oto +70°C, Voc = 5.0V + 5% 
Parameters ’ Description Test Conditions Min Typ 


Max 


j Output LOW Voltage lot = 3.2mA 
Output HIGH Voltage loH = —0.4mA 
Input Leakage “Vin = 0.4V to Voc 





ELECTRICAL CHARACTERISTICS 
Parameters Description _ Test Conditions Min Typ Max Units 


"1 [con | ChpScestiaaTineateOaSLOWeNGH ———dTSSCSCSC~C—~—sC Sd 
2 [tess | Gr Sls Soup Tine betors ASHGHoLGW +t ——SCS~dC 
3 [toe | ADRHsTinetiovngDASLOWNOHIGH | SSSSSCSC~wC | 
a [sas | “AGRSoup TnedoredASHIGHWLOw |i 


= fl meester Pe 
5 [isnos | Fesdtaa Soup TnemeiooRETacHeoW [mY 
7 | tenon Daal Tineotving DASLOWDHIGH(ReaaGiea) | ‘fo || | m | 
isn | READYHolsTinostorORSLOWnHIGH | SSSSSC~* ids | 
tent | READHoMTneaterDASLOWwHIGH «di 
aa ey 

00 | 
net a ee 
ee a aa 
oe a a 


tsRoi : —— CSRo, CSR3, RAP 
READY Driver Turn on Time after DAS HIGH to LOW 
tsro2 CSRy,CSRp 















| tsas__ | _ READ Setup Time before DAS HIGH to LOW Saas 
Data Hold Time after DAS LOW to HIGH (Write Cycle) as eas 22 
Data Setup Time before DAS HIGH to LOW (Write Cycle) Pe eee Fl 
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Am7990 
ELECTRICAL CHARACTERISTICS 


Parameters Description Test Conditions Min Typ Max Units 
BUS MASTER TIMING 
Extended Address Setup Time before ALE HIGH to LOW 
Extended Address Hold Time after DAS LOW to HIGH 
Address.Setup Time before ALE HIGH to LOW 
| tay | Address Hold Time after ALE HIGH to LOW 
READ Data Setup Time before DAS LOW to HIGH 
| tapa | READ Data Hold Time after DAS LOW to HIGH 

tarew | ALE Width 
WRITE Data Setup Time before DAS LOW to HIGH 
WRITE Data Hold Time DAS LOW to HIGH 
WRITE Data Setup Time before DAS HIGH to LOW 
DAS Width 
Delay from DAS LOW to HIGH to ALE LOW to HIGH 
Delay from ALE HIGH to LOW to DAS HIGH to LOW 


t Delay from DALO LOW to HIGH to DAS HIGH to LOW 
RIDF (Read Cycle) 


READY Setup Time before DAS LOW to HIGH (See Note) 
READY Hold Time after DAS LOW to HIGH 

DALO Setup Time before ALE HIGH to LOW 

DALO Hold Time after ALE HIGH to LOW.(Read Cycle) - 


Delay from DALO LOW to HIGH to DALI HIGH to LOW 
(Read Cycle) 


DALI Setup Time before DAS LOW to HIGH (Read Cycle) 
DALI Hold Time after DAS LOW to HIGH (Read Cycle) 


Delay from DALI LOW to HIGH to DALO HIGH to LOW 
(Read Cycle) 


Delay from DAS LOW to HIGH to DALO LOW to HIGH 
(Write Cycle) 


Note: The READY setup time before negation of DAS is a function of the synchronization time of READY. The synchronization must occur 
within two clock ticks (100ns). Therefore, the setup time is 100ns plus any accumulated propagation delays. Ready slips occur 
~ on 100ns increments. 
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ELECTRICAL CHARACTERISTICS 


Parameters Description Test Conditions Min Typ Max Units 
BUS ACQUISITION TIMING 


| 1 | toon | Bus Master Driver Enable Time after Assertion of HLDA Rae ES eee a 
| 2 | tporr | Bus Master Driver Disable Time after Deassertion of HOLD ee ee ee ee 
| 3 | ener ce eee ee (ee 


| taw | RESET Pulse Width! 


Note: 1. RESET is an asyncoronous input and does not occur as part of the Bus Acqusition cycle. 
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Ethernet Serial Interface Adapter (SIA) 
IN DEVELOPMENT 


DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION 


Compatible with Ethernet specifications The Am7991 Serial Interface Adapter (SIA) interfaces the 
Crystal controlled Manchester Encoder . Am7990 Local Area Network Controller for Ethernet 
Manchester Decoder acquires clock and data within six (LANCE) with a standard Ethernet transceiver cable. The 
bit times with an accuracy of +3ns SIA provides node data and clock encoding/decoding func- 
Guaranteed carrier detection and collision detection - | tions using standard Manchester code. The SIA is compati- 
threshold limits ble with transceiver signalling detailed in the Ethernet 
~ Carrier/collision detected for greater than —300mV specification. 

~ Nocarrier/collision for less than —175mV 

Input signal conditioning rejects transient noise 

- Transients <10ns for collision detector inputs 

— Transients <16ns for carrier detector inputs 

Receiver decodes Manchester data with up to +20ns 

clock jitter 

+5V single power supply 

TTL compatible host interface 

IMOX™ high performance bipolar process 

24-pin x 0.6” plastic or cerdip 


BLOCK DIAGRAM 
Serial Interface Adapter (SIA) 


Manchester Data 
Decoder Receiver Py 
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Data 
Noise 
Carrier 
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TYPICAL ETHERNET NODE CONNECTION DIAGRAM — Top View 
, ' D-24-1 
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FUNCTIONAL DESCRIPTION 


The Ethernet Serial Interface Adapter (SIA) has two sections, a 
transmitter and receiver. The transmitter combines separate 

. Clock and NRZ data input signals and encodes them into a serial 
bit stream using standard Manchester II encoding. It also differ- 
entially drives up to 50 meters of twisted pair transmission line 
(Ethernet Transceiver Cable). The receiver performs three func- 
tions. It detects the presence of data on the transceiver cable; it 
detects collision information from the transceiver and provides a 
collision control output (CLSN) to the Am7990 LANCE, and it 
reduces a Manchester encoded data stream into separate clock 
and data outputs. : 


CRYSTAL CONTROLLED OSCILLATOR 


A 20MHz fundamental mode crystal oscillator provides the basic 
timing reference in the SIA. It is divided by two to create the 
transmit clock reference (TCLK). Both 20MHz and 10MHz 
clocks are fed into the Manchester encoder to generate the 
transitions in the encoded data stream. The 10MHz clock, TCLK, 
is used by the SIA to internally synchronize transmit data (TX) 
and transmit enable (TENA). TCLK is also used as a stable bit 
rate clock by the receive section of the SIA and by other devices 
in the system (the Am7990 LANCE uses TCLK to drive its inter- 
nal state machine). The oscillator may use an external crystal or 
an external TTL Level 20MHz input as a reference. 


RECEIVE SECTION 


The principle function of the receiver is the. separation of the 
Manchester encoded data stream into clock and NRZ data. 


INPUT SIGNAL CONDITIONING 


Before the data and clock can be separated it must be deter- 
mined whether there is “real” data or unwanted noise at the 
transceiver interface. The Am7991 SIA carrier detection receiver 
provides a static noise margin of —175 to —300mV for received 
carrier detection. These DC thresholds assure that no signal 
less than —175mV is ever decoded and that signals greater than 
—300mV are always decoded. Transient noise of less than 10ns 
duration in the collision path and 16ns duration in the data path 
are also rejected. 


Am7991 


The input conditioning stage prevents unwanted idle state noise 
on the transceiver from causing “false starts” in the controller 
circuitry assuring valid response to “real” data. 


The input signal conditioning section (Figure 1) consists of two 
data paths. The receive data path is designed to be a zero 
threshold, high bandwidth receiver. The carrier detection re- 
ceiver is similar, but with an additional bias generator to require 
that only data amplitudes larger than the bias level are inter- 
preted as valid data. The noise rejection filter prevents noise 
transients.<16ns from enabling the data receiver output. The 
collision detector similarly rejects noise transients <10ns. 


Received data will have finite rise and fall times, so a non-zero 
threshold is directly transformed into clock distortion (see Figure 
2). The Am7991 SIA data receiver threshold is typically less than 
+5mV, minimizing its contribution to RCLK jitters. (Worst case — 
error <0.5ns). 


RECEIVER SECTION TIMING 


Receive Enable (RENA) is the “carrier present” indication es- 
tablished when a signal of sufficient amplitude (Vipc) and dura- 
tion (tapwr) is present at the receive inputs. Receive Clock 
(RCLK) and Receive Data (RX) become available within 6 bit 


Figure 1. Input Signal Conditioning Section 


REC DATA 


REC DATA 
NOISE CARRIER 
PRESENT 


Figure 2. 


CLOCK DISTORTION CAUSED BY THRESHOLD ERROR 


ov DATA RECEIVER 
SLICING THRESHOLD 
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Am7991 


times, approximately 600ns from the time RENA is asserted 
(see Figure 3). At this point the total phase error of RCLK to the 
data stream is less than +3ns. The Am7991 SIA is guaranteed 
to correctly decode a Manchester encoded serial bit stream with 
up to +20ns of jitter. 


The receiver detects the end of a packet when the normal tran- 
sition on the differential inputs cease. Three half-bit times after 
the last LOW-to-HIGH transition, RENA goes LOW. In that 
same 3 half-bit times, RCLK completes one last cycle, storing 
the last data bit. It then goes LOW and remains LOW (see 
Figures 4 and 5). 


The collision output flag (CLSN) is asserted when the input to 
the collision detector differential input is of sufficient amplitude 
(Vipc) and duration (tcpwR). CLSN will remain HIGH for a 
minimum of 80ns and a maximum of tcpo following the last 
LOW-to-HIGH transition of the collision input (see Figure 8). 


RECEIVE CLOCK CONTROL 


To ensure quick capture of incoming data the receiver phase- 
locked-loop is frequency locked to the transmit oscillator and it 
phase locks to incoming data edges. 


DIFFERENTIAL I/O TERMINATIONS 


The differential input for the Manchester data (receive +) is 
externally terminated by two 40.20+1% resistors and one 


common mode bypass capacitor: The differential input impe- 
dance ZipF and the common mode input Zicy_are specified so 
that the Ethernet specification for cable termination impedance 
is met using standard 1% resistor terminators. The collision + 
differential input is terminated in exactly the same way as the 
receive input. 


TRANSMIT SECTION TIMING 


The transmit enable (TENA) and transmit data (TX) inputs are 
internally synchronized with TCLK, and must meet setup and 
hold time requirements with respect to the TCLK rising edge. In 
the transmit mode, the Am7990 LANCE activates TENA. At the 
same time the first bit of data is made available on TX. 


As long as TENA remains HIGH, data is clocked into the SIA by 
TCLK and encoded for output to the transceiver (see Figure 6). 


When TENA goes LOW, the differential transmit outputs go to 
one of two idle states. The selection of Mode | causes the output 
to either go HIGH or remain HIGH at the end of the last bit cell 
time. In Mode II the output goes HIGH or remains HIGH for troy 
andis then allowed to return to zero differential. 
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Am7991 
MAXIMUM RATINGS (Above which the useful life may be impaired) 





Storage Temperature : —65 to + 150°C 
Temperature (Ambient) Under Bias —55 to + 125°C 
Supply Voltage to Ground Potential Continuous +7.0V 
DC Voltage Applied to Outputs for High Output State —0.5 to +Voc max 
DC Input Voltage (Logic Inputs) +5.5V 
DC Input Voltage (Rec Coll) : —1to +6V 
Transmit + Output Current -50 to +5mA 
DC Output Current, Into Outputs 100mA 
DC Input Current —30 to +5.0mA 





ELECTRICAL CHARACTERISTICS 
Parameters Description Test Conditions Min Typ Max Units 


RCLK Cycle Time 
RCLK High Time 
RCLK Low Time 
RCLK Rise Time 
RCLK Fall Time 


RX Rise Time 
RX Fall Time 
RX Hold Time (RCLK to RX Change) 


tron | 
[tape | 
| taoW 
| tans _| RX Prop Delay (RCLK to RX Stable) 
tory | 
| toro | 










tosc = 50ns 













CL = 50pF 
Figures 10 and 11 
(Note 1) 





RENA Turn-On Delay (Vipc on Receive + to CARRy) Figures 1 and 13 rf] 80 | ns 
RENA Turn-Off Delay (Vip on Receive + to CARR;) Figures 2 and 13 Ff] t60 fons | 
| tapwo | Receive + Input Pulse Width to Tum-On (Input < Vipc) Figures 9 and 13 EOIN s esr 2 sale aise, 


COLLISION SPECIFICATION 


Collision Input Pulse Width to Reject (Input < Vipc) Figures 9 and 13 ha a See 


Collison Input Pulse Width to Turn-On (Collision + , 
Exceeds Ving) ic a ee ef] ts 


t Collision Input to Turn-Off CSLN (Input > V 
cPWE P (Input > Vito) tute. ° (eet = pene 
tcpwn Collision Input to Not Turn-Off CLSN (Input > Vipc) | = { te0 [| ons | 


CLSN Turn-On Delay (Ving on Collision + to CLSNy) | Pawosrsantte | |__| | ons | 
CLSN Turn-Oif Delay (Vip on Collision + to CLSNL) ae ieee | ns | 
TRANSMITTER SPECIFICATION 
TCLK High Time | 45 | 
TCLK Rise Time he ge 
tror TCLK Fall Time | oo | 
i 405 
8 
495 | 
| 





Figures 10 and 11 








trps; tes | TXD and TEN Setup Time Figures 6 and 7 
TXD and TEN Hold Time 
ttocE Transmit + Output, (Bit Cell Center to Edge) . 
. Figures 7 and 12 
| top _| TCLK High to Transmit + Output 
Transmit + Output Rise Time 20-80% . 
Transmit + Output Fall Time ‘Figure 12 


Note 1. Assumes equal capacitance loading on RCLK, RX and RENA. 
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Am7991 ; 
SWITCHING CHARACTERISTICS OVER OPERATING RANGE 


Parameters Description . Test Conditions Min Typ Max Units 
Vv Output High Voltage TTL RCLK, RXD, 
On CARR, CLSN, TCLK 
VoL Output Low Voltage TTL RCLK, TCLK, lo. = 16mA, 
Vop Differential Output Voltage 
(Transmit+)'— (Transmit—) 


Common Mode Output 


Differential Output Voltage Imbalance 
(Transmit) | |Vo| - |Vo| | 
i put Breakdown Curent = +88 (TCLK.TEN) 
ort Circuit Current 

Receive and Collision Input Voltage 4 Vv 
Receive and Collision Input Low Current Vin = -1V ee ee 
Receive and Collision Input High Current fT vw=ev i (ité‘;lT Ll fm 
Receive and Collision Input High Current | Voc=0,Vn=tev | | | 90 | ma | 











wo 
b 


a 


lon = —1.0mA 









1200 


3 
< 


< 


100 





+50 


= 
> 


N 
ip 


—400 

2 
—300 
TBD 


> 


B 


3 
< 


—175 


mV 


3/3 
>|> 














Figure 3. Receiver Timing — Start of Packet 
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Figure 4. Receiver Timing — End of Packet 
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Figure 7. Transmitter Timing — End of Transmission . 
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Figure 8. Collision Timing 
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Figure 9. Input Pulse Width Timing 
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Vitpo MAX (175mV) 
Vivo MIN (300mV) 
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Figure 10. RCLK and TCLK Duty Cycle and Rise/Fall Time 
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Figure 12. Transmit + Output Test Circuit 


TRANSMIT + 


03378B-28 TRANSMIT — 


03378B-29 


Figure 13. Receive + and Collision + Input Test Circuit 
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Design Considerations 
for the Ethernet Node 


By Russell M. de Pifia 
Advanced Micro Devices 


LANCE/System Interface 

The LANCE has been designed as a user 
programmable device and is capable of 
being interfaced with a wide range of 
host processors ranging from 
microprocessors to mainframe systems. 
Because of its on-board memory 
management capability, the user may 
Share system memory for packet 
buffering. The LANCE has a 16-bit 
time multiplexed address/data bus 
along with an 8-bit dedicated address 
bus such that the LANCE may access a 
24 bit address space. 


interface between the 
LANCE and a_ host’ processor’ is 
friendly. _ Even though the 
data/address bus of. the LANCE itself 
is multiplexed, 
difficulties in interfacing the LANCE 
with a host processor that has a 
demultiplexed data bus. Because of 
the flexibility of this interface, 
the LANCE can directly interface with 
any of the popular 16 bit 
microprocessors (8086, Z8000*, 
LSI-11**, 68000). Implementations of 
the LANCE with processors that have 
both multiplexed and demultiplexed 
buses will be examined here. 


The hardware 


Figure la shows the interface block 
diagram for interconnection between 
the LANCE and 8086, while figure 1b 
shows the interface block diagram for 
the LANCE and Z8000 host processor. 
Both of these processors employ a 
multiplexed address/data bus. The 
interface between the LANCE and the 
two processors is similar. One major 
difference is that since the 8086 has 
separate read/write signals, it may 
be necessary to incorporate some 
special logic to convert the single 
read/write control output signal from 
the Am7990 into signals compatible 
with those coming from the A8086. The 
interface between the LANCE and these 
processors requires between 13 and 15 
SSI/MSI components. Functions such as 
address decoding are common to other 


* Z8000 is a trademark of Zilog, 
Inc. 

*k ~6 LSI-II is a registered trademark 
of Digital Equipment Corp. 

x*kk 6PAL is a registered trademark of 
Monolithic Memories, Inc. 


there are no - 
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Ethernet Application Note 


peripherals in the system. If logic 
already exists in the system for these 
common functions, the designer can 
reduce the amount of logic for the 
LANCE interface to 5-7 SSI/MSI 
components. If the designer elects to 
use programmable logic devices, 
(PALS***) the chip count could ‘be 
reduced to 3-5 PALs if no common 
functions can be utilized. If there 
exist any: common functions in the 
system that may be used, the 
LANCE/host interface would require 
only 1-3 PALs. 


In both cases, the processors are 
connected to.the LANCE through a 
common. bus. This may be an industry 
standard or a_ proprietary bus 
designed by the user. 


The LANCE can be addressed either as 
part of the processor's I/O address 
Space or as part of the system memory. 
Since memory transfers usually take 
less time to execute, it may be more 
desirable to memory map the LANCE as 
opposed to mapping it as an I/O port. 
The control signals are connected to 
and from the LANCE so that it may talk 
with the host processor and the rest 
of the system. The address lines are 
latched and are then sent to the 
address decoding logic to produce the 
chip select signal and to toggle the 
ADR pin on the LANCE when necessary. 


The interface between the LANCE and a 


“host processor with a demultiplexed 


is similar to the 
multiplexed bus interface in many 
areas (Figure 2). Because there are 
dedicated address and data lines with 
a demultiplexed bus, the address 
latch that is shown in Figure 2 may be 
omitted if the address stays valid for 
a sufficient length of time to allow 
data transactions to occur. 


bus (i.e. 68000) 


Software Support 

The routines required for software 
support of the LANCE encompass its 
various modes of operation as 
follows: 


a. Initialization/Diagnostic 

b. Interrupt Processing 

c. Receive Mode 

d. Transmit Mode 

e. Error Detection and Reporting 
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Figure ta. Z8000/LANCE Interface Block Diagram 
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Figure 1b. 8086/LANCE Interface Block Diagram 
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Figure 2. LANCE Interface Block Diagram — Demultiplexed Bus 
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Initialization and Diagnostics 

The initialization routine is used to 
set up the LANCE so that it may 
communicate with the host. 
Diagnostics allows the LANCE to test 
itself to make sure that it can 
operate correctly on the network. The 
three conditions in the system 
operation which warrant invocation of 
the initialization diagnostic 
procedure are: 

a. Power on (cold start) 

b. Hardware reset (warm start) 

c. System error recovery 


The initialization routine sets up 
the four Control and Status Registers 
(CSR@-CSR3) with the correct bits set 
so that the LANCE can operate in the 
user systen. The initialization 
block (Figure 3) is read by the LANCE 
and the descriptor rings are 
initialized by this procedure. 
Figures 4a and 4b depicts the 
components of the descriptor rings. 
The diagnostic procedure is executed 
as part of the initialization. There 
are four user programmable diagnostic 
modes. Each mode requires the user to 
change bits in the mode register bit 
mask and reinitialize the LANCE. The 
four modes are listed as follows: 


Internal loopback 
CRC logic check 
Collision detection 
External loopback 


a0 0m 
e e s e 


During internal loopback, the LANCE 
is able to transmit and receive 
information simultaneously. (i.e., 
full duplex operation). The LANCE has 


10 9 
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. TRANSMIT DESCRIPTOR RING PTR (32 BITS) 
RECEIVE DESCRIPTOR RING PTR (32 BITS) 


LOGICAL AOORESS FILTER (64 BITS) 


PHYSICAL ADDRESS (48 BITS) 
MODE REGISTER (16 BITS) 
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Figure 3. Initialization Block 


the ability to operate in full duplex 
for up to 32 bytes. The message 
transmitted during internal loopback 
never leaves the LANCE. If any 
transmission or reception. errors - 
occur, they are effectively isolated 
to the logic which interfaces the 
LANCE to the upper levels of the 
system. 


External loopback operates in much 
the same fashion as internal loopback 
except that the test packet is 
actually transmitted on the cable. 
External loopback comp] iments 
internal loopback by isolating faults 
to the data path between the LANCE and 
the Ethernet cable. . During loopback 
the LANCE.is also able to diagnose 
faults in the CRC logic system and the 
collision detection system. 


BCNT 


8 


7 


RMD 
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b) Receive Message Descriptor Ring Components 





Ethernet Application Note 


The CRC generating logic must be 
checked separately from the checking 
logic because of the half duplex 
nature of the LANCE. This is 
accomplished via the Disable Transmit 
CRC (DTCR) bit in the mode register. 
To check the transmit CRC logic, DTCR 
is set to zero. This enables the 
transmit CRC generation and disables 
the’ receive CRC. checking. The 
processor then. constructs a 
packet and calculates the CRC in 
software. THe software calculated 
CRC is stored in memory. Next, the 
test packet is looped back into memory 
via the LANCE. The CRC generated 


during the transmit phase of loopback- 


is then compared with the previously 
calculated CRC stored in memory for 
any mismatch. To test the receive CRC 
checker DTCR is set to one. This 
disables the transmit CRC generator 
and enables the receive CRC checker. 


The previously calculated checksum is © 


appendend to the packet and checked 
for error by the receive CRC logic in 
the LANCE. 


The LANCE checks the _ collision 
detection capabilities of the node by 


use of the COLLISION bit in the mode — 


register and by monitoring COLLISION 
ERROR in CSR@. To ascertain if the 
LANCE's internal collision detection 
logic is functioning, the chip is 
placed in internal loopback and the 
COLLISION bit is set. The LANCE is 
then commanded to loop a test packet. 
The COLLISION bit will cause the LANCE 
.to detect a collision on each loopback 
attempt. 


After 16 such automatic attempts, the 


LANCE signals the host that a retry 


error has occurred. The collision 
signal path from the transceiver chip 
to the LANCE is checked by placing the 
LANCE in external loopback, looping a 
packet, and then’ reading’ the 
COLLISION ERROR in CSRQ. 


Initialization and Diagnostic Routine 

The initialization and diagnostic 
routine flowchart is shown’ in 
' Figure 5. The flowchart shows that 
upon invocation of the initialization 


routine, the host processor first 
programs Control and Status 
Register 3 ‘(CSR3) with the 


appropriate pattern for byte swap, 


test 
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‘loopback test. 


' and the node deactivated. 


—« 34.4 ps 


ALE/AS control and programming the BM 
lines. Once this is complete,: the 
host then programs CSR®, CSR1, and 
CSR2 for performing the internal 
An error counter is 
then set. Each time the internal 
loopback test fails, the counter is 
decremented until either the test 
passes and the counter is reset or the 
test fails and the LANCE is turned off 
If the test 
is passed, the LANCE is then 
reinitialized for external loopback 
testing and the test is tried until 
either the error counter counts down 
or the test passes. As before, if the 
error counter counts down, then the 
node is shut down, otherwise the 
initialization routine proceeds to 
the collision detection test. This 
test is conducted in the same fashion 
as the two before it, except that when 
this test is passed, the node is 
initialized for normal operation and 
the initialization routine returns 
control to the calling procedure. 


Interrupt Service Latency in LANCE Systems 

When transmit and receive interrupts 
occur, it is desirable to process 
these interrupts before another 

packet can arrive at the node. The 
time required by the system to service 
the interrupt is called the interrupt 
service latency. After the LANCE 
receives a packet, there is a 9.6 us 
interpacket delay before another 
packet appears at the node. Once this 
next packet appears, there’ are 
during which the internal 
FIFO is accumulating data, giving a 
total of 45 ys during which the host 

must process the receive interrupt 
and yield the system bus to the LANCE. 
Since the bus arbitration time is 


- usually on the order of 100-200ns, it 


is possible to assume that there are 


44.8 us in which to service the 
interrupt. This is the maximum 
interrupt service latency in the 


system for LANCE interrupts. 


One method of processing interrupts 
is to service them in real time. This 
method is subject to the processor 
timing. When servicing interrupts in 
real time, it is necessary’ to 
determine the type of interrupt and 
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take any required action before 
returning to the interrupted process. 
Detecting the interrupt type requires 
reading the bit mask in CSRM. If the 
host processor timing is not fast 
enough, the time interval will run out 
and the result will be missed packets. 
In order to determine whether or not 
it is possible to provide real time 
interrupt service for the LANCE, the 
user must first write the code and 
then compute the timing for execution 
of the code. If the result is less 
than 44 ys, then it is possible to 
service ‘interrupts in real time. If 
the host is too slow for real time 
processing, techniques such as CSR 
stacking are used. 


CSR stacking minimizes interrupt 
service latency by stacking’ the 
status information associated with a 
particular interrupt. Since there 
are descriptor rings associated with 
transmission and reception, status 
information could be placed on two 
stacks residing in memory, one for 
transmission and reception 
interrupts. The depths of these 
stacks is dictated by the number of 
descriptors in the transmit and 
receive descriptor rings. These 
stacks are organized as shown in 
Figure 6. There are two pointers in 


each stack, one for updating entries . 


at the time of interrupts (CSRW) and 
one for reading the entries at the 
time of processing (CSRR). An "R" or 
oA ibs preceding these = mnemonics 
designates which stack is being used, 
receive or transmit respectively. 
- Since CSR@ is the only register which 
contains status information, it is 
the only register which must be 
stacked. j 


03378B-38 


CSRINT 
CSRR 
cCSRW 
CSRBOS 
CSRTOS 


Other alternatives include modifying 
the node architecture (Fig. 11) to 
offload the processor and gain 
throughput for real time operation. 
The folowing paragraph is a 
description of an interrupt service 
routine using CSR stacking. The flow 
chart appears in Figure 7.° 


Interrupt Service Routine Using CSR Stacking 
Upon invocation of the interrupt 
service routine (Figure 7), the host 
reads the contents of CSR@ and clears 
it. The host then checks for either a 
transmit or receive interrupt. The 
contents of CSR@ are then placed on 
the appropriate CSR stack and return 
is made to the calling procedure. If 
the interrupt is an initialization 
interrupt, no special processing is 
required, since the IDON bit is set 
only during initialization. 


The software for the Transmit and 
Receive modes is very similar. The 
routines are invoked when any of the 
upper level programs must cause the 
transmission of a packet or if a 
receive packet interrupt occurs. On 
receive interrupt, the host must 
process the messages residing in the 
descriptor ring. 


Transmit Driver Routine 
The flowchart for the transmit driver 
routine is shown in Figure 8. 


Upon entry, the host processor checks 
for an available descriptor in the 
Transmit Descriptor Ring. Once an 
available descriptor has been found, 
the start of packet, and/or end of 
packet bits in TMD1 may be set. The 


Pointer to start location of CSRR, CSRW. 
CSR stack entry for current descriptor being serviced. 


CSR stack entry for last descriptor used by LANCE. 
Bottom of CSR stack. 
Top of CSR stack. 


Note: 1. CSRR always lags behind CSRW. 





Figure 6. CSR Stack Organization 
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SET XCSRW Y 
TO BOTTOM OF 


STACK (XCSRBOS) -_ 


| LOAD CSRg 
IN XCSRW 


INCREMENT 
XCSRW FOR 
NEXT ENTRY 


INCREMENT RCSRW 
FOR NEXT ENTRY 


RETURN 
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ACSRW 
* >RTOS? 


LOAD CSRy 
IN RCSRW 





Figure 7. Interrupt Service Routine for LANCE (Using CSR Stacking Technique) 


BUF_ADR < 
BUF_ADR 
+1500 


BYTES — 
BYTES — 1500 


SET DATA 
CHAINING 
FLAG 


BYTE COUNT 
(BCNT, TMD2) 


TRANSMIT 


SET TDMD 


BUFFERS BIT IN CSRo 
AVAILABLE TO FREE A 
? DESCRIPTOR 


ANY 


Y 


SET START OF 
PACKET (STP), 
IN TMD, 


RESET STP, ENP 
IN TMD, 


LOAD TMDg, TMD, 
WITH ADDRESS 
OF DATA 
(BUF_ADR) 


SET BUFFER SET BUFFER 
BYTE COUNT 
(BCNT, TMD2) 


TO 1500 TO BYTES 


SET OWN BIT 
IN DESCRIPTOR 
(TMD) 


DATA 
CHAINING 
FLAG SET 

“2. 


INCREMENT/ 
WRAPAROUND TO 
NEXT DESCRIPTOR 


nN. 
RETURN 


Notes: 1. BUF_ADR -— pointer to location of data to be sent. 
BYTES — number of bytes to be sent. Both are arguments passed to transmit. 
2. This flowchart does not show the use of shadow variables. This should be done otherwise the arguments will be destroyed. 


Figure 8. Transmit Routine Flowchart 
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SET ENP 
BIT IN TMD, 


RESET DATA 
CHAINING 
FLAG 





Y RESET RCSRW 
TO BOTTOM OF 
STACK (RCSRBOS) 
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SET TOMD 
IN CSRg 

. TO FREE A 
BUFFER 
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buffer address. is then set in TMD@ and 
TMD1. The byte count of the message 
is checked to see if more than 1500 
bytes need to be transmitted. If this 
is the case, then a "data chaining" 
flag is set so that additional 
descriptors may be allocated for the 
transmission. of this particular block 
of data. Otherwise, the entire block 
may be transmitted as one packet. In 
either case, the descriptor ring 
entry currently being pointed at by 
the host is relinquished to the LANCE 
for transmission. The status of the 
data chaining flag is checked. If the 
flag is set, the remaining number of 
message bytes are calculated and the 
process is repeated until the entire 
block of data is set up for 
transmission. Control is then 
transferred back to the calling 
procedure. The memory location of the 
data block and its byte count is 
passed to the transmit driver as 
arguments. 


RECEIVE 


INCREMENT 
RCSAR TO 
CURRENT ENTRY 


Y SET RCSRR 
TO BOTTOM 
OF STACK 


Owned ERROR 
BY HOST INVALID 
CONDITION 


CHECK RMD, 
FOR BUFF, 
OFLO ERRORS 


INCREMENT 
RORPTR TO NEXT 
DESCRIPTOR 


SET RDRPTR 
TO RORNG_BOT 


Receive Driver Routine 

After reception of a packet, a receive 
driver routine (flow chart shown in 
Figure 9), must be executed to 
process the received data. The 
following is a description of such a 
program. 


Upon entry to the receive driver, the 
pointer for reading the receive CSR 
stack (RCSRR) is incremented to get 
the correct value. If the pointer 
passes the top of the stack, it is 
wrapped around. The next descriptor 
pointed at by the processor is then 
checked to see if the own bit is set. 
If not, then the error condition is 
reported and return is made to the 
calling procedure. Otherwise, the 
descriptor is then checked to see if 
the end of packet bit (ENP) is set. 
If the ENP bit is set, then the CSR 
stack entry pointed at by RCSRR is 
checked to see if any errors are 
present. Receive Message 


CHECK CRC, ANY 
_ GET MCNT FRAM ERROR ERRORS 
FROM RMD, AT END OF DETECTED 
BUFFER ? 


ERROR 


REPORT ERRORS: 
TO SYSTEM 
DISCARD BAD 
PACKET ~ 
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Figure 9. Receive Routine Flowchart 


Descriptor 1 is checked also. If no 
errors are present, the routine 
returns to the calling procedure. 
Otherwise, the error is reported and 
the packet is then discarded and a 
return is made. If the ENP bit is not 
set, the start of packet (STP) bit is 
tested. If STP is set, then a pointer 
to the descriptor is created to 
delineate the packet. The purpose of 
setting a start of packet pointer is 
to provide a starting point for 
discarding the packet should any 
errors exist in a packet whose buffers 
are chained together. The pointer to 
the descriptor (RCSRR) is then 
incremented to the next descriptor 
and the process is repeated. 


The routines ‘described in this 
section comprise the software support 
for the direct host interface with the 
LANCE. The software for reporting 
errors is assumed to be available to 
the designer through the operating 
system or executive of the host 
processor. The addition of error 
messages to cover the LANCE are the 
only modifications required | for 
incorporating the — LANCE error 
conditions into the host processor 
error detection and ~—s reporting 
software. Because the routines deal 
specifically with the LANCE, this 
software encompasses only the first 
two layers of the ISO/OSI model, the 
software for covering the upper 
layers can be defined by the user to 
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fit a specific application. This 
allows a great deal of flexibility of 
design for the LANCE interface with 
any host over a wide spectrum of 
applications. 


_ LANCE and 8 Bit Microprocessors 


Until this point in the discussion, 


-only 16 bit microprocessor interfaces 


have been discussed. Some designers 
may desire to create an Ethernet node 
using an 8 bit microprocessor as the 
node processor element. Although the 
LANCE data bus is based on a 16 bit 
architecture, a minimal amount of 
extra logic is required to translate 
the 16 bit system data bus onto an 


eight bit data bus. Most of the 8 bit 


microprocessors run at much slower 
clock speeds than their 16 bit 
counterparts. In order to compensate 
for a slow CPU clock, it may be 
necessary to consider an alternate 
architecture for the node. In 
Figure 10, the -typical node 
architecture is shown. The LANCE is 
tied to a system bus, shares the 
system memory and can communicate 
with the host CPU. The CPU performs 
both the host system functions, and 
the node processor functions. 
Figure 11 shows a possible alternate 
architecture where a second CPU has 
been added strictly for the purpose of 
performing network node _ processor 
functions. A separate memory is also 
provided for the LANCE's DMA 
operations and buffer management. 


OTHER PERIPHERALS 


Figure 10. Typical Node Architecture Using an Am7990 
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MAIN SYSTEM BUS 


NODE BUS 


OTHER PERIPHERALS 


ISOLATION 


ETHERNET COAX 
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Figure 11. Alternate Node Architecture Using an Am7990 and a Separate CPU for a Node Processor 


The node processor communicates with 
the main CPU across an isolating link 
which ties the node processor bus to 
the system bus. 


Since the LANCE has a 16 bit data bus, 
part of the data going between the 
LANCE and the CPU must be latched so 
that the data always arrives at its 


destination in proper format (8 or 


16 bit parallel). Figure 12 shows a 
block diagram of a possible interface 
between the LANCE and the 8088 
microprocessor. This interface is 
exactly the same as that between the 
LANCE and the A8086 except that with 
the 8088 extra latches and buffers are 
employed to connect the 8 bit 
microprocessor to a 16 bit data bus. 
This scheme of interconnection 
requires that a double read and double 
write be made during data 
transactions between the host 
processor and the LANCE. This extra 
overhead in the software can cause 
problems in the system's ability to 
operate in real time. The maximum 
time allowed for interrupt service 
latency is 44.8us. It is therefore 
desirable to choose a processor whose 


clock rate is fast enough to avoid 
‘violating this interrupt = service 
latency. 
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The importance of this concept can be 
conveyed through an example. As an 
example, an 8088 is used as the host 
processor and the interface between 
jt and the LANCE is constructed as 


shown by the block diagram of 
Figure 12. Using the interrupt 
service routine flow. chart. of 


Figure 7, code is produced to service 
interrupts coming from the LANCE. The 
worst case timing for execution of 
this: code is 211 clock cycles which 
transiates to 42.2 us for a 5MHz 8088 
and 26.38 us for the 8MHz version. 
The 8MHz 8088 offers a greater time 
margin between packets when servicing 
interrupts over the 5MHz 8088. This 
time margin can be translated into 
more reliable operation on the 
network. 


Another point to consider is that of 
interrupt latency. Earlier, we. 
defined interrupt service latency as 
the time required to service an 
interrupt in software. Interrupt 
latency, on the other hand, is the 
time the processor requires. to 
respond to the interrupt. In the 8088 
example, the worst case interrupt 
latency specified by the 
manufacturers is two instructions. 


In a single processor environment, it 
is possible that the processor could 
be ' executing some complex 
instructions at the interrupt = and 
take between 100 and 200 clock cycles 
just to respond to the interrupt. it. 
By employing the alternate 
architecture of Figure 11, certain 
tasks can be partitioned thus 


BUFFER ENA, 


BUFFER 


LATCH EN 


BUFFER ENA, 
BUFFER ENA2 
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avoiding interrupt latency problems. . 
When considering an 8 bit processor 
for use with the LANCE, the processor 
must have a clock rate greater than or 
equal to 5MHz and the designer should 
construct the system software to 
minimze the occurance of missed 
packets due to interrupt latency. 


ADDR HIGH CONTROL 
/DATA ORDER BUS 
ADDR 


ee 
SYSTEM BUS 





Figure 12. Am7990 (LANCE)/8088 Interface Block Diagram 
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LANCE Emulator 


DISTINCTIVE CHARACTERISTICS 


Associated Computer 
Consultants 


GENERAL DESCRIPTION 


Real time emulation of LANCE and SIA . The ACC LANCE Emulator is an in circuit, real time Emulator for 
Direct connection to Ethernet transceiver the Am7990 LANCE and Am7991 SIA. The Emulator may be 


Compatible with 8086, Z8000*, 68000, 


LSI!-11** used to facilitate both hardware and software development in 


15” x 17” printed circuit board for bench top use advance of silicon allowing a shortened time-to-market for 
20" connector cable with Am7990 LANCE pin-outs ; Ethernet systems using the AMD chip set. © 


Power consumption 5 volts at 12 amp, 
12V at 0.4 amp 
Fully documented and supported 


—5V at 0.1 amp, The 15” x 17” printed circuit board has legs and is designed for 


_ bench top use. A 20” cable terminates in a pod with LANCE 
pin-outs. The pod may be plugged directly into a LANCE socket 
on the prototype facilitating both hardware design and testing. 
The pod also may be plugged into a LANCE Development Mod- 
ule (LDM) to provide a complete software and test environment. 


BLOCK DIAGRAM 





Emulator 
Pod 


48 Pins 
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*Z6000 is a trademark of Zilog, Inc. 
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LANCE Develooment Module 
for Multibus | 


LDM-1 


GENERAL DESCRIPTION 


The LANCE Development Module (LDM) and its firmware pro- 
vide a complete test and development environment for Ethernet 
systems using the Am7990 LANCE. The LDM interfaces directly 
to the Multibus, provides 32K bytes of RAM for additional buf- 
fering and has sockets for the Am7990 LANCE and Am7991 SIA 
(AMD Ethernet Controller Chip Set). When the LANCE and SIA 
aré installed in the LDM, it becomes a fully functional Ethernet 
Controller for Multibus applications. 


The LANCE socket also accepts the ACC LANCE Emulator. 
This combination of products provides a complete, low cost 
Ethernet development package allowing the designer to con- 
centrate on system design, upper level protocol development, 
LANCE application packages and prototyping. 


LANCE Development Firmware has been designed with three 
elements: Debug monitor, LANCE testing, network testing. The 
code is menu-driven, with English response/query, and is avail- 
able in ROM for: 

— 8086 

— Z8000 

— 68000 


The LDM-1 is designed to be used in a Multibus development 
system, supported by an 8086 CPU, in an 8612-type processor 
board, with power supply and backplane. 


Communication 
Machinery 

Ec . 
Corporation 














1226 Anacapa 
Santa Barbara, California 93101 
(805) 963-9679 





























DISTINCTIVE CHARACTERISTICS 


e Provides complete Ethernet test and software development 
environment for Multibus* applications 
@ 32K bytes RAM buffers Ethernet data 
Connects into a fully operational Ethernet Controller 
Receives ACC LANCE Emulator to allow upper level protocol 
and system development 
e Menu-driven English response/query software/firmware 
provides: 
— Debug monitor 
— LANCE/Emulator initialization and operational tests 
~— Network testing and evaluation 
e Up/down load link simplifies system software development 


































BLOCK DIAGRAM 





Future 
Transceiver 
Cable 
Interface 





1/0 Decode 


Multibus Interface 
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*Multibus is a registered trademark of Intel Corp. 
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LANCE 


Firmware Summary 
Debug Monitor 
@ Allows higher level protocol development 


Has all the standard debugger features, including multiple 
breakpoints, memory display and modify, register display and 
modify, download, single step 


LANCE Test Features 


Internal RAM 

Registers 

Silo 

Host RAM DMA 

Control and status 
Initialization 

Internal or external loopback 
Descriptor rings 
Promiscuous/chaste mode 
Collision handling 

Disable feature’ 


Network Test Features 


Message Generation Mode allows LANCE and network 
Statistics gathering, and external Ethernet device testing 
Echo Mode allows LANCE receive mode testing, external 
Ethernet device testing, and network statistics gathering 
Receive and transmit throughput 
Statistics gathered: 
— Receive 

Messages received 

Bytes received 

CRC errors 

Framing errors 
— Transmit 

Messages sent 

Bytes sent 

Deferrals required 

Retries required 

Transmit failures 





LANCE Development Module 


for VERSAbus 


DISTINCTIVE CHARACTERISTICS 


e Provides complete Ethernet test and software development 
environment for VERSAbus* 

32K bytes RAM buffers Ethernet data 

Connects into a fully operational Ethernet Controller 
Receives ACC LANCE Emulator to allow upper level protocol 
and system development 

Menu-driven English response/query software/firmware 
provides: 

— Debug Monitor 

—. LANCE/Emulator initialization and operational tests 

— Network testing and evaluation 

Up/down load link simplifies system software development 


. Communication 
Machinery 
Corporation 


LDM-2 


1226 Anacapa 
Santa Barbara, California 93101 
(805) 963-9679 


GENERAL DESCRIPTION 


The LANCE Development Module (LDM) and its firmware pro- 
vide a complete test and development environment for Ethernet 
systems using the Am7990 LANCE. The LDM interfaces directly 
to the VERSAbus, provides 32K bytes of RAM for additional 
buffering, and has sockets for the Am7990 LANCE and Am7991 
SIA (AMD Ethernet Controller Chip Set). When the LANCE and 
SIA are installed in the LDM, it becomes a fully functional Ether- 
net Controller for VERSAbus applications. 


The LANCE socket also accepts the ACC LANCE Emulator. 
This combination of products provides a complete, low cost 
Ethernet development package allowing the designer to con- 
centrate on system design, upper level protocol development, 
LANCE application packages and prototyping. 


LANCE Development Firmware has been designed with three 
elements: Debug monitor, LANCE testing, network testing. The 
code is menu-driven, with English response/query, and is avail- 
able in ROM for: 

— 8086 

— Z8000 

— 68000 

The LDM-2 conforms to VERSAbus, supported by a 68000 CPU 
in a VMO02-type processor board, with VERSAchassis* . 


‘BLOCK DIAGRAM 


32K-Byte 
: RAM 


1/0 Decode 


VERSAbus Interface 


*VERSAbus and VERSAchassis are trademarks of Motorola, Inc. 
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Future 
Transceiver 
Cable 
interface 








LANCE 


Firmware Summary 
Debug Monitor 


@ Allows higher level protocol development 


Has all the standard debugger features, including multiple 
breakpoints, memory display and modify, register display and 
modify, download, single step , 


LANCE Test Features 


Internal RAM 

Registers 

Silo 

Host RAM DMA 

Control and status 
Initialization 

Internal or external loopback 
Descriptor rings 
Promiscuous/chaste mode 
Collision handling — 
Disable feature 
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Network Test Features, 


Message Generation Mode allows LANCE and network 
statistics gathering, and external Ethernet device testing 
Echo Mode allows LANCE receive mode testing, external 
Ethernet device testing, and network statistics gathering 
Receive and transmit throughput 
Statistics gathered: 
— Receive 

Messages received 

Bytes received 

CRC errors 

Framing errors 
— Transmit 

Messages sent 

Bytes sent 

Deferrals required 

Retries required 

Transmit failures 
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Am7901 
Am7910 
AmZ8030/8530 
AmZ8031/8531 
Am8051 
Am8251A 
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Statement of Excellence 


AMD is revolutionizing the state-of-the-art in communications components for both voice and data. Utilizing a philosophy of 
implementing VLSI solutions in silicon, the Am7901 SLAC and Am7910 FSK MODEM are the most powerful, and yet cost 
effective, devices of their kind on the market today. 


This is made possible by AMD’s innovative application of Digital Signal Processing techniques. DSP sets a new cost/ 
performance standard for the communications industry and means increased performance through the flexibility of micropro- 
grammable features. DSP means increased system reliability due to its inherent superior stability with time and temperature, 
and DSP means lower cost application due to the elimination of external components, reduction of board space, and reduced 
test costs. : 


AMD’s communications products meet the exacting demands of the largest telecom equipment manufacturers around the 
world. In addition, through simple programmable commands, both the Am7901 and the Am7910 can be configured to meet 
respective equipment standards anywhere in the world. That’s why we call each of them a WORLD-CHIP™. 


*WORLD-CHIP is a trademark of Advanced Micro Devices. 
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Subscriber Line Audio-Processing Circuit 
WORLD-CHIP™ 
PRELIMINARY DATA (REVISED) 


DISTINCTIVE CHARACTERISTICS 


Combination CODEC and Filter 

No trimming or adjustments required 

Uses digital signal processing 

Six user programmable digital filters 

—, Trans-hybrid balance 

— Two wire impedance matching 

— Transmit gain adjust 

- Transmit frequency response 

— Receive gain adjust 

— Receive frequency response 

Dynamic time slot assignment 

Only 2 external components (non-precision) 
Dual PCM ports 

Asynchronous transmit and receive operation 
4.096MHz, 64 channel expanded mode operation 
Built-in test modes 

— Analog loopback 

— Digital loopback 

— Receive path cut-off 

— Transmit path high-pass filter disable 

© Complete P interface for line card 

© Control interface to SLIC 

@ Low standby power 

@ Selectable linear or u-!aw code 


GENERAL DESCRIPTION 


The Subscriber Line Audio-Processing Circuit (SLAC) 
performs the codec and filtering functions necessary in di- 
gital voice switching machines: In this application, the SLAC 
processes voiceband analog signals into PCM outputs and 
processes PCM inputs into analog outputs. The SLAC’s 
performance meets or exceeds the applicable AT&T and 
CCITT specifications.. The device consists of three main 
sections: a transmit processor, a receive processor and 
control logic. : 


The transmit section contains an anti-aliasing filter, an 
interpolative A/D converter and a digital signal processor. 
The analog signals received are converted and digitally 
processed to generate either 16-bit linear or 8-bit u-law 
codes. Either one of two output ports may be selected for 
PCM data transmission. 


_ The receive section contains a digital signal processor and 


a D/A converter. Either 16-bit linear or 8-bit »-law codes 
are received, processed and converted to analog signals. 
Either one of two input ports may be selected for reception 
of PCM data. 


The control I/O provides a microprocessor compatible 
serial interface and allows the user bi-directional access to 
many programmable features and the capability to com- 
pletely control the operation of the device via a 
comprehensive set of commands. , 
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DEVICE OPERATION 


~ General 

The Am7901 performs the codec and filter functions associated 
with the 4-wire section of the subscriber line circuitry in a digital 
switch. When used with the Am7950 SLIC, the SLAC provides a 
complete solution to the BORSCHT functions. (See Figure 1.) 


The SLAC contains auto-zeroed A/D and D/A converters. A 
microprocessor compatible interface is provided to program the 
device into a variety of modes. These operating modes include, 
but are not limited to u-law or linear code operation, dynamic 
time slot assignment, and PCM port selection. 


The SLAC samples the analog signal at the Vin pin and digi- 
tally processes it to produce either a linear or companded 
(u-law) PCM code at the DXA or DXB output. Conversely, it 
receives either a linear or companded (u-law) PCM code at the 
DRA or DRB input and digitally processes it to produce an 
analog output at the Vout pin. The processing is accomplished 
at the frame rate (8kHz), and the digital output/input is available 
for transmission/reception every 125us. The main sections of 
the SLAC are shown in Figure 2. 


Transmit Signal Processor ; 

In the transmit path, the analog signal is converted, filtered, 
compressed and made available for output. The transmit signal 
processing path is shown in Figure 3. 

The prefilter is an integrated anti-aliasing filter which prevents 
signals near.the sample rate from folding back into the voiceband 
during decimation. The A/D is designed to have a wide dynamic 
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range and excellent signal to noise performance. It uses a mod- 
ified sigma delta loop with a D/A converter to track the input signal 
at a 512kHz sampling rate. 


The signal processor contains an ALU, RAM, ROM and control 
logic to implement the filter sections. The B, X and GX blocks 
shown in Figure 3 are user programmable filter sections and their 
coefficients are stored in the Coefficient RAM. These filters may 
be made transparent when not required in a system. The digital 
p-law compressor may be bypassed when linear code opera- 
tion is desired. 


The decimator reduces the high input sample rate.The X filter is 
a 4 tap FIR section and is part of the frequency response correc- 
tion network. The Gx filter allows the user to program up to 12dB 
gain in 0.1dB steps in the transmit path. The B filter has 8 taps ° 
and operates on samples input from the Receive Signal Proces- 
sor in order to provide trans-hybrid balancing in the loop. The 
low pass filter limits the output bandwidth to meet the transmis- 
sion requirements. The high pass filter rejects 15Hz and 50/ 
60Hz frequencies, and may be disabled during idle periods to 
allow low frequency leakage testing on the 2 wire line. 


Transmit PCM Interface 

The Transmit PCM Interface receives either a 16-bit linear 
code (for linear operation) or an 8-bit compressed code (for 
p-law operation) from the digital compressor. This code is 
loaded into the output register. The Transmit PCM interface 
logic (Figure 4) controls the transmission of data onto the PCM 
highway through the output port selection circuitry and the time 
slot control. block. 
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Figure 2. SLAC Block Diagram 
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Figure 3. Transmit Signal Processor 
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Figure 4. Transmit PCM Interface 
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The Frame Sync (FSX) pulse identifies the beginning of a Trans- 
mit frame and all channels (time slots) are referenced to it. The 


logic contains user programmable Transmit Time Slot and ~ 


Transmit Clock Slot registers. The Time Slot register is normally 5 
bits wide and allows up to 32 8-bit channels or 16 16-bit channels 
(using CLKX = 2.048MHz2) in each frame. But in the expanded 
mode, 6 bits may be programmed to give 32 16-bit channels or 64 
8-bit channels (using CLKX = 4.096MHZ) in each frame. This 
feature allows any combination of channel assignments and 
clock frequencies (over a range of 64kHz to 4.096MHz) in a 
system. For yu-law operation 8 bits/channe! are output and for 
linear code operation 16 bits/channel are output. The data is 
transmitted most significant bit first. The Clock Slot register is 3 
bits wide and may be programmed to offset the time slot assign- 
ment by 0 to 7-CLKX periods to eliminate any clock skew in the 
system. (See Figure 5 for timing diagrams.) 


In the Am7901, the PCM data may be user-programmed to be 
output onto one of two ports, DXA or DXB. Correspondingly, 
either TSCA or TSCB is also low. 


Receive PCM Interface : 
The Receive PCM interface logic (Figure 6) controls the 
reception of data from the PCM highway and transfers it for 
expansion (u-law only) to the Receive Signal Processor. The 
operation of this interface is identical! to the Transmit section. 


. 


The Frame Sync (FSR) pulse identifies the beginning of a 
Receive frame and all channels (time slots) are referenced to it. 
(The receive path timing circuitry may be operated completely 
asynchronously with respect to the transmit path, except when 
the B or Z filter is used.) The logic contains user programmable 
Receive Time Slot and Receive Clock Slot registers. The Time 
Slot register is normally 5 bits wide and allows up to 32 8-bit 
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channels (using CLKR = 2.048MHz) in each frame. But in the 
expanded mode, 6 bits may be programmed to give 32 16-bit 
channels or 64 8-bit channels (using CLKR = 4.096MHz) in 
each frame. This feature allows any combination of clock fre- 
quencies (over a range of 64kHz to 4.096MHz) and channel © 
assignments in a system. For u-law operation 8 bits/channel 
are input and for linear code 16 bits/channel are input. The 
most significant bit of the code must be received first. The 
Clock Slot register is 3 bits wide and may be programmed to 
offset the time slot assignment by 0 to 7 CLKR periods to 
eliminate any clock skews in the system. (See Figure 7 for 
timing diagrams.) 


In the Am7901, the PCM data may be user-programmed to be 
input from one of two ports, DRA or DRB. 


Receive Signal Processor 

In the receive path, the digital signal is expanded, filtered, con- 
verted to analog and output onto the Vout pin. The signal 
processing path is shown in Figure 8.. 


The signal processor contains an ALU, RAM, ROM and Control 
logic to implement the filter sections. The Z, R and GR are user 
programmable (through the Serial I/O Interface) filter sections 
and their coefficients are stored in the coefficient RAM. These 
filters may be made transparent when not required in a system. 


The low pass filter band-limits the signal. The GR filter allows the 
user to program a loss of up to 12dB in 0.1dB steps. The R filter is 
a 4 tap FIR section and is part of the frequency response correc- 
tion network. The Z filter provides feedback from the Transmit 
Signal Processor to the Receive Signal Processor and is used 
to modify the effective input impedance to the system. The in- 
terpolator increases the sample rate to the D/A converter. 


Figure 5. Transmit PCM Timing Diagram 
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Figure 6. Receive PCM Interface 


TO RECEIVE INPUT PORT 
SIGNAL PROCESSOR REGISTER SELECTION 


TIME SLOT TIME SLOT FROM SERIAL 
CONTROL REGISTERS YO INTERFACE | 


01520B-7 


Figure 7. Receive PCM Timing Diagram 
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Figure 8. Receive Signal Processor 
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SERIAL I/O INTERFACE 

A microprocessor may be used to program the SLAC and contro! 
its operation using the serial 1/O Interface. (See Figure 9) Addi- 
tionally, data programmed previously may be read out for verifi- 
cation. The control word format is shown in Table 1. Commands 
are provided to: 


e@ Set power up/power down modes ° 
@ Set up test functions 
Set up operating functions 
Program filter coefficients 
Assign time slots and port selection 
Write to the SLIC latch - 
Enable/Disable each user programmable filter 


' The interface consists of 4 pins, CS, DCLK, Djy and Dour. The 
device is accessed by CS and data is serially loaded in on the Djy 
or read out on DoutT under control of DCLK. Either commands or 
data words may be written to the SLAC but only data words can 
be read out. All words are 8 bits wide and are written or read MSB 
first. (See Figure 10 for the Serial I/O Interface timing diagram.) 
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For both reception or transmission of words, exactly 8 data clock 
cycles must be received after CS goes low. CS must stay high 
(off period) for a minimum time period before it can go low again 
(see “Switching Characteristics,” note 4). During this off-period, 
the logic decodes and executes the command. All reading of 
data must be preceded by an input command requesting the 
data. Once contro! data transmission has begun, no new input 
commands will be accepted until contro! data transmission is 
completed. 


A serial I/O cycle is defined by transitions of CS and DCLK. 
Upon application of supply power, the device expects the first 
word to be a command. A number of commands require addi- 
tional data words to be input or output. The SLAC will not ac- 
cept new commands until all this data has been transferred. 
But in the write mode, a data word of all zeroes is equivalent to 
the power down command and the device resets to the standby 
mode and is ready to receive a new command. 


Figure 9. Serial I/O Interface 
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Figure 10. Serial I/O Interface Timing Diagrams 
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*See note 4 under “Switching Characteristics.” 
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DIGITAL FILTERS 
The SLAC uses digital signal processing to implement the various 
filters as shown in Figure 11. 


The advantages of digital filters are: 


@ high reliability 

@ no drift with time or temperature 

@ unit to unit repeatability 

@ superior transmission. performance 


Six of the digital filters in the signal processing sections are user 


programmable. These allow the user to independently modify the 
gain in both the transmit and receive paths, provide trans-hybrid 
balancing in the system and adjust the two wire line termination 
impedance. The programming capability feature allows the user 
to optimize the performance of the SLAC for his system. Each 
programmable filter section has the following type of transfer 
‘function: 


Hz = ho + hyz—-1 + hoz-2 + (Eq. 1) 
The values of the user defined coefficients (hj) are assigned via 


the serial I/O interface (see Table 1). The number of taps (n) 
provided depends on the particular filter. 


a. B Coefficients 
7 4 


—— 1st word 
—— 2nd word 


—— 12th word 





c. R, Z Coefficients 
7 4 3 0 


——— ist word 


——— 8th word 





Cyy Mxy = Cis the sign bit and m is the 3-bit code specifying the 
position of the 1’s. 
y is the coefficient number 
x specifies the relative position of the one in coeffi- 
cient Y (1 = most significant one, 2 = second one, 
etc.). 


and the coefficients in Equation 1 shown above are 
described by: : 





The filter function is performed by a series of multiplications and 
accumulations. A multiply is accomplished by shifting the multi- 
plicand and summing the result with the previous value at that 
summation node. For example, a one-bit multiply is a shift of M 
bits where M is related to the position of the binary one in the 
multiplier (hj) as expressed in the following equation: 


hy = By.27™1 + Bo 2-M2 4... By 27 MN (Eq. 2) 


where: Mj < Mj + 4 
Bi = +1 


The subscript N is limited to 4 for the GR, GX, R, X andZ 
filters and N is 3 for the B filter. The multiply is done from 
the least significant bit to the most significant bit. Notes 11 
and 12 on page 12:explain the encoding of the shift 
codes. : 


The B, X, R, Z and Gain Coefficients are written in or 
read out as 8 bit words. The format of the coefficients . 
is shown below: 


b. X Coefficients 
7 4 


ist word 
2nd word 


8th word 





d. Gain Coefficients 
4.3 0 


ist word 
2nd word 





by = (C127 (4 + Coj 272 + Cg + 27S 
(1 + Caj-2-™4i))) 
except for the G, filter.where 
hh=1+ (C427 ™H(4 + C9} 2 Mp4 + C3j +27 Mi 
(t+ C4j+27™4))) 
where mij = 7—mij 


Two Wire Impedance Matching 

A feedback path is provided from the transmit to the receive 
section via the Z filter. This filter may be programmed to modify 
the effective termination impedance (Zs, |c) of a SLIC or a trans- 
former hybrid to a desired value. The desired impedance may be 
complex. This feature allows the user to terminate each SLIC ina 
Subscriber Line System with a fixed resistor and digitally modify 
their impedance using the Z filter. 


The X and R filters are the Transmit and Receive attenuation 
distortion correction filters. These filter sections are programmed 
to compensate the attenuation distortion caused by the Z filter. 


Trans-hybrid Balance 


In a traditional line card system, a balance network is used with 
the SLIC to achieve trans-hybrid balancing. If the balance net- 
work perfectly matches the subscriber’s line, infinite trans-hybrid 
* balancing is achieved. But in general, the matching in traditional 
systems is poor and trans-hybrid balancing is not very good. 
Some systems have up to 2 or 3 compromise networks per line 
that must be selected semi-automatically or manually to provide 
the balance. 


In the SLAC, a feedback path is provided from the receive to the 
transmit section via the B filter. This filter may be programmed to 
cancel the received signal from the transmit signal path and 
achieve a significantly improved level of trans-hybrid balance. 


Gain Adjustment 


Signal levels in the transmit and receive paths may be modified by: 


programming the GX and GR filters. The Gx filter allows the user 
' to add up to 12dB of gain (in 0.1dB steps) in the transmit path. The 
GR filter allows the user to add up to 12cB of loss (in 0.1dB steps) 
in the receive path. 


Asynchronous Operation 


The transmit and receive PCM sections may be operated asyn- 
chronously. Each section receives a separate frame sync (FSX, 
FSR) and clocks (CLKX, CLKR). 
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Test Features 


The SLAC simplifies system testing by providing both digital and 
analog loop back paths. Under program control, either the DRA 
or DRB input is looped to the DXA or DXB output (digital loop- 
back) or the Vij input is looped to the Vour output (analog 
loopback) through internal paths. To allow testing of the sub- 
scriber loop cabling for leakage, the transmit high pass filter may 
be disabled and auto zero operation interrupted. The receive 
analog output may be programmed to cut-off. This receive cut- 
off command may be used to stop oscillations in the four-wire 
side of the telephone network. 


Standby Mode 


The SLAC is forced into the standby mode either by power on 
clear or by reception of the power down code. In this mode, 
power is switched off from all circuitry that can be turned off. No 
transmission or reception of PCM data takes place. However, the 
circuits which contain programmed information retain their data. 
The serial l/O interface remains active to receive new commands. 


Power On Clear 


Upon initial application of Vcc and Vpp, the SLAC is forced into 
the standby mode. Additionally, once both power supplies are up, 
if either supply falls below (voltage to be defined) then the SLAC is ° 
reset (See Stand-Alone Mode) and is forced into the standby 
mode. 


Stand Alone Mode 


In the stand alone mode, the serial interface is not used. The 
DCLK and Dy pins may be used to control the device. Applying 
—5V to the DCLK pin resets the device and the Dy pin can 
subsequently be used to power up or power down the SLAC. 


DCLK DIN 
0 X 
1 X 
—5V 0 
—5V 1 


Normal mode 

Normal mode 

Reset and Power Down 
Reset and Power Up 


Figure 11. SLAC Signal Processing Flow 
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The Reset State of the device is: ~  -¥ = 0.18 In (1 + » |X|) sgn (X) 
a) Both Transmit and Receive Time and Clock Slots are set to 


zero. where: X = the input signal 
b) p-law is selected sgn(X) = sign of input signal 
c) B, X, R, Z filters are disabled |X| = absolute value of 
d) Both Transmit (GX) and Receive (RX) gains are set to unity input signal 
e) SLIC outputs are set high pe = 255 
f) Normal conditions are selected Y = encoder output or 
(see Note 9 page 12 — Command Word Format) decoder input 


g) DXA/DRA ports are selected 


p-Law Conversion Codes The resultant output consists of 15 segments or chords. The 


For p-law operation, the SLAC has a transfer function which chords are identified with the sign bit and three chord select bits. 
complies with the Bell System 4-255 companding law: Each chord is further divided into 16 steps using 4 bits. 


Linear Conversion Codes 


For linear code operations, 16-bit words are transmitted or re- 
ceived. The linear code transmitted or received has sign plus 
15 bits and one’s complement coding is used. The following 
table illustrates the dynamic range of the linear code. 


Positive Output Negative Output Normalized Absolute 
Codes Codes Value 
0 1111110 00000000 1 0000001 11111111 ‘ 32 256 
0 0000000 00000001 111194114 11111110 1 
0 0000000 00000000 ; 11994114 11111111 : 0 


Correspondance of the linear code to the u-law code is de- 
monstrated by the following table for the 1KHz digital milliwatt 
(OdBmO) signal. 


p-Law Linear 
1234567 8 1514131211109 876543210 
000111410 11014110e%4410e000011 
0000101 1 10101431101000001 1 
000010%1°1 101011%101000001 1 
000% 1-1 1 0 11014110O0e41%1000001 41 
100111410 0010001001111 100 
1000101 1 0101000310111 4100 
1000101 1 010100031011 11 *1 00 
10031%4%1%1 0 0010001001 %11 11 0 0 
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| Am7901 
p-LAW: POSITIVE INPUT VALUES 


peek Character Value at Decoder | Decoder Output 
Interval Size} End Points’ .| Numbern Signal(5) Outputy, (3) | Value Number 


Segment 
Number 


(8159) 
7903 

16 x 256 
4319 
4063 


16 x 128 : 
2143 


2015 
16 x 64 ie 
991 
1 ; 
pee 





Notes: 1. 8159 normalized value units correspond to Tyax = 3.17 dBmO. : 
2. The character signal corresponding to positive input values between two successive decision values numbered n andn + 1 (see column 4) 
is (255 — n) expressed as a binary number. 
3. The value at the decoder output is yg = x9 = 0 forn = 0, andy, = Xn ¥ Xn +1 toy n= 1,2,..., 127. 
. X42 is a virtual decision value. 7 
. Bit 1 is a O for negative input values. 


at 
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TABLE |: CONTROL WORD FORMAT 


The control interface consists of data input, data output, data D7 Dg Ds 

clock and CS input. Data is read in (read out) on the serial data 000 

input (output). The serial input consists of 8 bit (byte) command 001 

words which may be followed with additional bytes of input data 010 
or may be followed by the SLAC outputting bytes of data. All 011 

words are input with MSB (D7) first and LSB (Do) last and all 

outputs are output with the MSB (D7) first and the LSB (Dg) last. 

Words are written or read one at a time, with CS going high for at 

least the minimum off-period (see note 4 under “Switchirig 

Characteristics”) before the next read or write operation. The 

first 3 bits of the command word indicate the type of command 

and the last 5 bits contain either data or further information about 

the command. The classes of command are: 


S) 
N 
fs) 
o 
S) 
a 
o 
> 
v 
oO 
S 
nN 
A 
9 
oO 


Power Down! 
Reserved 


Transmit Gain Selection 
Receive Gain Selection 


Read Transmit Gain 


Read Receive Gain 
Read PCM Mode _- 


PCM-Mode Selection’ 
Write B Coefficients 
Write X Coefficients 
Write R Coefficients 
Write Z Coefficients 
Read B Coefficients 
Read X Coefficients 
Read R Coefficients 
Read Z Coefficients 


Cutoff receive path 


Test mode — digital loop 


soot ost oss UB tr Kr VU OTT OO OOOOCCOO YF 


pe Ce es Ce Ce ee eo eo ao Mo) 
epee n ri QOODCCCDCOHAOA BH ann H OOK <XKO 
CODD CDOH+-00O-CO0OMPOH=s=00OA0+-0<<xO 
Oo-s+000+0+=0=-0=-071NW$0-0=00<<<<xXO 
=Or430042+-=2-000000-00002+4<<<<xX9O 
“=-O-0=-024224000 0 TO042-42422300<<<<xKO 


0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


Power Down/No Operation 
Transmit Time Slot Selection 
Receive Time Slot Selection 

Clock Slot and Gain Selection 
Read Slot,Gain and PCM Mode 
Set Basic and Operating Functions 
and PCM Modes 

Read/Write Coefficients, Set Test Modes, 
Select u-law/Linear code 

Data for SLIC Interface 

Power Up/No Operation 


Transmit Time Slot Selection3 Choose 1 of 32 Time Slots 
Receive Time Slot Selection3 Choose 1 of 32 Time Slots 
Transmit Clock Slot Selection3 Choose 1 of 8 Clock Slots 
Receive Clock Slot Selection? Choose 1 of 8 Clock Slots 


Followed by 2 Bytes of Data4 
Followed by 2 Bytes of Data4 


Read Transmit Time and Clock Stot5 Followed by 1 Byte of Data4 


Followed by 2 Bytes of Data4 


Read Receive Time and Clock SlotS Followed by 1 Byte of Data4 


. Followed by 2 Bytes of Data4 
Followed by 1 Byte of Data4, 6 


Operating & Basic Function” 


Followed by 12 Bytes of Data4, 12 
Followed by 8 Bytes of Data4, 11 
Followed by 8 Bytes of Data4, 11 
‘Followed by 8 Bytes of Data4, 11 
Followed by 12 Bytes of Data4, 12 
Followed by 8 Bytes of Data4, 11 
Followed by 8 Bytes of Data4, 11 
Followed by 8 Bytes of Data4, 11 


Reset to normal conditions? 
Add —6 dB to receive gain 


Test mode — analog loop back 


back13 


Disable High Pass Filter (set to 1) 


and freeze auto zero circuit 


Choose Linear code 
Choose p-law 
Outputs to SLIC10 
Reserved 

Power Upt 


44400 
~XoC8wo 
“xXxOoO 
=-xroo 
4xZsa0 


oa et Om 
I ae 
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NOTES: 
1. During power down none of the control information is 


8. The Transmit PCM data may be output onto either the DXA 
or the DXB port. Either TSCA or TSCB is correspondingly 


changed, the serial I/O remains active, the PCM outputs are 
high impedance, the PCM inputs are disabled and the analog 
output is set to zero with a moderate series impedance to 
analog ground. Upon power up all data RAMs except the 
coefficient RAMs are powered up in a cleared state (set to all 
zeroes). No PCM data is transmitted until after the second 
FSX pulse is received following the execution of the power 
up command. 

. These reserved codes are all codes beginning with 000 and 
111 except for 00000000 (power down) and 11111111 
(power up). These codes may be used oy future members 
of this product family. 


‘3. The Y's are binary codes which program the time slots 


for transmission and reception of PCM date. Five bits are 
available for time slot selection which allow one of 32 time 
slots to be programmed. The three bits of the clock slot 
selection allow 0 to 7 clock offsets within the time slot to 
be programmed. 

. Allcommands that are followed by additional input data to the 
device (transmit gain selection, receive gain selection, write 
B, Z, X or R coefficients) must have the input data as the next 
N words (N = 1, 2, 8, 12) written to the device (framed by the 
next N transitions of CS). All commands that are followed by 
output data (read transmit time and clock slot, read transmit 
gain, read receive time and clock slot, read receive gain, read 
PCM mode, read B, Z, X or R coefficients) will cause the 
device to output data for the next N (N = 1, 2, 8, 12) transi- 
tions of CS going low and will not accept any input com- 
mands until all the data has been output. When in an input 
mode, data word of 00000000 will automatically power 
down the device and write 00000000 to the last filter 
location. 

. Time and clock slots are read out time slot first. followed by 
clock slot. 

. The PCM Modes are read out as the feast significant 4 bits of 
data. The most significant 4 bits are set to 1. The least 
significant 4 bits contain the following data: 


BIT 3: Data Receive select bit 
BIT 2: Data Transmit select bit 
BIT 1: Receive Expanded Mode bit 
BIT 0: Transmit Expanded Mode bit 


The Data Receive/Transmit select bits define which port is 
used to receive/transmit data. A 0 means port A has been 
selected. A 1 means port B has been selected. 


The Receive/Transmit Expanded Mode bits allow up to 64 
channels in a Receive/Transmit frame. 
. The operating function command has four 1-bit fields: 


A: A = 1 enables B filter, A = 0 disables B 
(sets B = 0) 
B: B = 1 enables X filters, B = 0 disables X (sets X = 1) 
C: C = 1 enables R filter, C = 0 disables R (sets 
R = 1) 
D: D = 1 enables Z filter, D = 0 disables Z (sets 
Z = 0) 


output. The Receive PCM. data may be input onto either 
the DRA or the DRB port. The Transmit/Receive Expanded 
Mode bits allow up to 64 channels in Transmit/ 
Receive frame. 


E: E = 1 chooses DRB, E = 0 chooses DRA 
F: F = 1 chooses DXB (TSCB), F = 0 chooses DXA 
(TSCA) 
G: G = 1 sets Receive Expanded Mode bit 
G = Oclears Receive Expanded Mode bit 
H: H = 1 sets Transmit Expanded Mode bit: 
H = O clears Transmit Expanded Mode bit 


. Normal conditions are receive gain set to value stored in the 


receive gain control words, the receive path and high pass 
filter are enabled and the auto-zero-circuit operates, Z filter 
coefficients are the value set by the basic and operating 
function bit D and the device is not in a test mode (no loop 
back). The test modes are mutually exclusive. Entering a 
command to set one test mode clears the other test mode (if 
set). “Reset to normal conditions” does reset a test mode. 


. The outputs to the SLIC are defined below: 


| = C5 L 
J =C4 M 
K = C3 


C2 
C1. 


. X, R, and Z coefficients are allowed to have only 1 to 4 ones. 


Each coefficient is encoded in a four bit code where the lower 
3 bits represent the number of shifts to the next higher one in 
the coefficient and the first bit (MSB) defines the coefficient 
sign. Each one can be either positive or negative (0 = posi- 
tive, 1 = negative). The maximum number of shifts allowed is 
6. The lower 3 bits are encoded for 0(111), 1(110), 2(101), 
3(100), 4(011), 5(010) or 6(001) shifts. A code of 1000 implies 
Q shifts and no addition and a code of 0000 is not allowed 
(See note 4). The 4 coefficients use 16 4-bit codes which are 
input as 8 8-bit words starting with coefficients 0 and ending 
with coefficient 3X for the X coefficients. The R and Z 
filter coefficient data starts with coefficient 3 and ends with 
coefficient 0. 


. B coefficients are allowed.to have only 1 to 3 ones. Each 


coefficient is encoded in a four bit code where the lower 3 bits 
represent the number of shifts to the next higher one in the 
coefficient and the first bit (MSB) defines the coefficient sign. 
Each one can be either positive or negative (0 = positive, 1 = 
negative). The maximum number of shifts allowed is 6. The 
lower 3 bits are encaded for 0(111), 1(110), 2 (101), 3 (100), 4 
(011), 5 (010) or 6 (001) shifts. A code of 1000 implies 0 shifts 
and no addition and a. code of 0000 is not allowed (See 
note 4). The 8 coefficients use 24 4-bit codes which are input 
as 12 8-bit words starting with coefficient 0 and ending with 
coefficient 7. 


13. Digital loopback provides 6dB of gain. 
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INTERFACE SIGNAL DESCRIPTION 


+5V Power Supply 
—5V Power Supply 
Digital Ground 
Analog Ground 


Vec: 
Ves: 
DGND: 
AGND: 


Analog Input (Vin) 

The analog input is applied to the Transmit path of the SLAC. 
The signal is sampled, digitally processed and encoded for the 
PCM output. 

Analog Output (VoyT) 

The received PCM dafais digitally processed and converted to an 
analog signal at the VoyT pin. 

CAP, CAP2 

An external series resistor and capaelior are connected to these 
pins. These components -are part of the integrator in the A/D 
converter. The recommended values of these non-precision 
components are 1k + 5% and 2000pF + 20%. 

Master Clock (MCLK) 

The Master Clock must be a 2.048MHz + 50ppm clock input. 
MCLK is used by the digita! signal processors and is not depen- 
dent on the PCM input and output clocks. 

PCM Outputs (DXA, DXB) 

The Transmit PCM data is serially fed out to either the DXA or 
the DXB port. The port selection is under user program control. 
For y-law 8 bits are transmitted and for linear code 16 bits are 
transmitted. The output is available every 125s and the data 
is shifted out in 8/16 bit bursts at the CLKX rate. DXA, DXB are 
high impedance in between bursts and also in the standby 
mode. 

Time Slot Control (TSCA, TSCB) 

The Time Slot Control outputs are open drain outputs and are 
normally high. TSCA is low when PCM datais present on the DXA 
output and TSCB is low when PCM data is present on the DXB 
output. 

PCM Inputs (DRA, DRB) 

The Receive PCM data is serially received from either the DRA 
or the DRB port. The port selection is under user program con- 


CONNECTION DIAGRAMS — Top Views 


Leadless Chip Carrier 


01520B-13 
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trol. For y-law, 8 bits are received and for linear code 16 bits 
are received. The data is received in 8 or 16-bit bursts every 
125s at the CLKR rate. 

Frame Sync (FSX, FSR) | 

The Frame Sync pulse is an 8kHz signal which identifies the 
beginning of a frame. The SLAC references individual time slots 
with respect to the Frame Sync pulse. FSX is the transmit PCM 
Frame Sync and FSR is the receive PCM Frame Sync. The FSX 
pulse must not be longer than 8 clock periods when companded 
code is used and 16 clock periods when linear code is used. 


PCM Clocks (CLKX, CLKR) 


The PCM clocks determine the rate at which PCM data is serially 
shifted into or out of the PCM ports. The maximum clock fre- 
quency is 4.096MHz and the minimum clock frequency is 64kHz. 
CLKX determines the rate at which PCM data is transmitted. 
CLKR determines the. rate at which PCM data is received. 


Chip Select (CS) 

The Chip Select input enables the device to either input or output 
control data. 

Data Input (Dj) 

Control data is serially written via the Data Input port. The input 
rate is determined by the Data Clock. 

Data Output (DoytT) 


Control data is serially read via the Data Output port. The output 
rate is determined by the Data Clock. DOUT is high impedance 
when control data output is completed and CS is high. 


Data Clock (DCLK) 


The Data Clock shifts control data either into or out of the SLAC. 
The maximum clock rate is 2.048MHz. and the minimum clock 
rate is 2kHz. 


Latched Outputs (C4-Cs) 

The serial interface may be used to write data to a register whose 
outputs are brought out to C1-Cs. These 5 lines are TTL compati- 
ble and may be used to control the operation of a SLIC or any 
other device associated with the subscriber line. 


ORDERING INFORMATION 


Example Am7901 0 


Basic Device Burn-in 


Temperature Range 
C= 0 to 70°C 


Package Type 
D = Hermetic DIP 
L = Leadless Chip Carrier 
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MAXIMUM RATINGS above which the useful life may be impaired 


Storage Temperature ~60 to 125°C 
Ambient Temperature, Under Bias 0 to 70°C 
Vcc with Respect to DGND —0.4 to +6.0V 
Vep with Respect to DGND ' +0.4 to —6.0V 





The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid 
exposure to excessive voltages. 


NOTICE: Stresses in excess of those listed under “Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 
Exposure to maximum rating conditions for extended periods may affect device reliability. 


OPERATING RANGE 
- PartNumber Ambient Temperature Ves DGND AGND 


Vcc 
,Am7901DC 0°C < Ts < 70°C +5.0V+5% | —5.0V+5% OV + 100mV 


ELECTRICAL CHARACTERISTICS over operating range (Note 1) 
A0dBm0O signal is equivalent to 1.6 Vans. A 3dBmO signal is equivalent to 2.260 Vams which 
corresponds to the overload point of 3.196 V. 


Parameters Description 


ee 
Analog Output Impedance 

Offset Voltage Allowed on Vin 
Ma 
[Yon | 
Flour | 


lout 

























oe 


Vv 


“ Anput Lowy Voltage (All Digital 
_ In Stand Alone Mode)... 



















Analog Output Voltage Range’ 
Analog Output Current 








Zin 
Vir 
Vor 
x 
Vit 
| es ee een es ee 
loc (A) Voc Supply Current (Active) Vpp = —4.75V ee ee ee ee 
1.02kHz on the 
PSRR(Vaa) | Vee Power Supply Rejection Ratio appropriate supply | 30 | | | 
input Capacitance (Digital) ae oe eee ee 
[£0 | Output Capacitance (Digital ee ee ee 


. Notes: 1. Typical values are for Ta = 25°C and nominal supply voltages. Min and max specifications are over the temperature and supply voltage 
; ranges shown in the above table entitled “Operating Range.” 
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TRANSMISSION CHARACTERISTICS 


(All measurements are made end-to-end with GX = GR = OdB and u-law companded PCM unless otherwise specified.) 


Description Test Conditions _ Min Typ Max . Units 


: : : 800Hz at OdBmO, or 
Attenuation Distortion 4000Hz at OdBmO See Fig 12 hee | 


Gain! (either path) 
a) deviation from ideal value 
b) deviation from initial value 






800Hz at OdBmO, or 
1000Hz at OdBmO 







Group Delay Distortion (either path) 
Group Delay (either path) 


Harmonic Distortion 


Intermodulation Distortion 


Idle Channel Noise (weighted) 





Idle Channel Noise (weighted, receive only) 


Idle Channel Noise (single frequency) 












Crosstalk 

a) Go to Return path snip sara 
b) Return to Go path 

Gain Tracking 





Signal to Total Distortion 


Notes: 1. The device gains are adjusted during manufacture to guaranted’a a ¥ 40B. maxithumn deviation over: ine of device. 
2. Applied signal is aOdBmO sine wave within 300 to 3400Hz. The sigh measured; js any frequency in the range 300 to 3400Hz. 
3. Two different frequencies fy and fo in the range je. 400-2400Hz an of equal es in'the range —4 to -21dBmO are applied. 2f1-f2 products are 
measured relative to the level of either f; or fo. AYA 
4. Any intermodulation product dueto Signal i in the Ne range S00:3400H2 wir np input level -9dBmO and a 50Hz signal with input level — 23dBmO. 
5. Noise is measured at the analog output jwith the analog input zero and the al PCM output connected to the digital PCM input. 
© y a 


on 


rs 
Figure ‘12a. | = aAtehuatio Dis ‘ortion (Single Ended) Figure 12b. Out of Band Signals (End to End) 
A oe “ay ¥ Ld e 


a 


a % 
my Reatttt 


</ SLAC SPECIFICATION <</ SLAC SPECIFICATION 


z 
Q 
= 
tm 
5m 
zz 
ii ~ 
E 
q 


ATTENUATION 
(d8m0) 





FREQUENCY 
(Hz) 


5 6 78910 20 30 40 50 60 7080 


FREQUENCY 
(kHz) 


01520B-15 ; : 3 01520B-16 


it 


Notes: 1. The reference frequency is 800/1000Hz. Notes: 1. The reference frequency is 800/1000Hz. 
2. Input signal level is OdBmO. 2. Input signal level is OdBmO. 
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Figure 13. Group Delay Distortion 
(Either Path) 


<<é SLAC SPECIFICATION 
{EITHER PATH) 


FREQUENCY 
(Hz) : 
015208-17 


Notes: 1. Input signal is OdBmO. . 
2. Minimum value of groups cars 


Poe a ee 
Figure 14. Gain Tracking with Tone (Either Path), \ \ 4, \ \ igure 15. Signal-to-Total Distortion with Tone 
ae VA YAS (Either Path) 


L//sLac SPECIFICATION 


<</ SLAC SPECIFICATION 


(ap) 
NOILYOLSIG 
WLOL-OL-TWNDIS — 


0 +3 (dBmO) 


-30 —20 


INPUT LEVEL 
- (dBmO) 


015208-18 , 01520B-19 





Notes: 1. The input signal is a sine wave in the range of 700 to 1100Hz, 
(excluding submultiples of 8kHz). Note: The input signal is a sine wave in the range of 700 to 1100Hz, 
2. The gain variation is relative to the gain at —-10dBm0. _ {excluding submultiples of 8kHz). 





Am7901 
SWITCHING CHARACTERISTICS Ta = 0 to 70°C, Vcc = +5V + 5%, Vag = —5V + 5% (See Note 1) 


Parameters Description Min Typ Max Units 


=m : 
toot Data Clock Low Pulse Width (Note 2) | 0.220 | 
| | ae 
Peon mn 
i 
fesse SES ol 
| | 
| | 7s | 





= 
n 


= 
a 


ata Gk Low Puisewan sea) ——_——| 


Serial Interface Output Mode 


SS ; Chip Select Setup Time 
tocsH Chip Select Hold Time q 
tocst Chip Select Pulse Width (Note 3) eo 


tocso Chip Select Off Time (Note 4) AED 






=z 
n 


zr 
a 





g 































Rise Time of Clock 








Frame Sync Setup Time 














Frame Sync Hold Time 
Delay to TSC Valid (Note 6) 
Delay to TSC Off 
PCM Data Output Delay 

PCM Data Output Hold Time 
PCM Data Output Delay to High Z 
PCM Data Input Setup Time 
PCM Data Input Hold Time 









(Ntpcy +30) (Ntpcy +150) 
30 























Notes: 1. Min and Max values are valid on all digital outputs except C; — Cs with a 150pF load. Cy — Cs outputs are valid with a 30pF load. 

2. The Data Clock may be stopped in the Low state indefinitely without loss of information. ; 

3. Chip select pulse width is nominally 8 tpcy with a minimum value of 7 tocy + ticsH + ticss and a maximum value of 9 (tpcy — ticsH — ticss). 

4. Chip select off time is defined by the type of command being executed. ° 
Commands attempting access to the coefficient RAMS i.e., Read or Write B, Z, X, R or gain coefficients must have chip select off time of: 
7 tucy — if device is in power down mode. ; 
32 tucy — if device is in powér up mode. (Frame sync must also be active.) 
For all other commands, chip select off time is defined as: 
7 tucy = for both power up or power down modes. 

5. The maximum allowed PCM clock frequency is 4.096MHz. The actual PCM clock rate is dependent on the number of channels allocated 
within a frame. The minimum clock frequency is 64kHz. 

6. TSC is delayed from FS by a typical value of N tpcy, where N is the value stored in the time/clock slot register. 
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SWITCHING CHARACTERISTICS (Cont.) 


Parameters Description Min Typ Max Units 
Master Clock 


Note: 7. The Frame Sync pulses (FS,, FSR) are 8kHz signals. 





TIMING DIAGRAMS 


INPUT AND OUTPUT WAVEFORMS MASTER CLOCK TIMING 
FOR AC TESTS 


2.0 TEST 2.0 
0.8 POINTS 0.8 


01520B-20 , . 01520B-21 


SERIAL I/O INTERFACE (INPUT MODE) 


bara CAAXAKAKKN 


01520B-22 


Toop 


THREE-STATE t THREE-STATE ( 


01520B-23 
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TIMING DIAGRAMS (Cont.) 


PCM INPUT TIMING 


TIME SLOT ZERO 
CLOCK SLOT ONE 
{EXPANDED MODE BIT = 0) 


mone HYLXKKKY 


01520B-24 


PCM OUTPUT TIMING 


TIME SLOT ZERO 
CLOCK SLOT ONE 
(EXPANDED MODE BIT = 0) 








tecr 
Vin 
Vie 
tess a 


tox 


V 
DXA/OXB Qn 
Vou : 
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92-8025 10 


SUBSCRIBER 
LINE 1 


SUBSCRIBER 
LINE 8 


AMD 
8-CHANNEL SUBSCRIBER LINE CARD 


TIPSUM 
RINGSUM 


Am7950 
SLIC 


TIPSUM 
RINGSUM 


Am7950 * Amzaor *SCB 
SLAC DRA 


8 pRB 
Dour 


VO PORTS 


LINE CARD 
CONTROLLER 


LINK TO HIGHER 
LEVEL PROCESSOR 


AMD SUBSCRIBER LINE SYSTEM 
8-CHANNEL LINE CARD 





EQUIPPED CHANNELS 


PCM HIGHWAY A = ae 


FROM OTHER 


PCM HIGHWAY B 





Lo6Lwiy 


Am7/910 


FSK MODEM 


. WORLD-CHIP™ 
PRELIMINARY DATA (Revised) 


DISTINCTIVE CHARACTERISTICS 


e 
line interface 
Compatible with Bell 103/113/108, Bell 202, CCITT V.21, 
CCITT V.23 specifications 
No external filtering required 
All digital signal processing, digital filters and ADC/DAC 
included on-chip 
Includes essential! RS-232/CCITT V.24 handshake 
signals 
Auto-answer capability 
Local copy/test modes 
1200 bps full duplex on 4-wire line 
Pin-programmable mode section 


Figure 1. Connection Diagram 


XTAL,/CLK 
XTAL2 
DGND 


Complete FSK MODEM in a 28-pin package — just add 


GENERAL DESCRIPTION 


The Am7910 is a single-chip asynchronous Frequency 
Shift Keying (FSK) voiceband modem. It is pin selectable 
for baud rates of 300, 600 or 1200 bits per second and is 
compatible with the applicable Bell and CCITT recom- 
mended standards for 103/113/108, 202, V.21 and V.23 type 
modems. Five mode control lines select a desired modem 
configuration. 


Digital signal processsing techniques are employed in the 
Am7910 to perform all major functions such as modulation, 
demodulation and filtering. The Am7910 contains on-chip 
analog-to-digital and digital-to-analog converter circuits to 


- minimize the external components in a system. This device 


01238C-1 


includes the essential RS-232/CCITT V.24 terminal control 
signals with TTL levels. 


Clocking can be generated by attaching a crystal to drive the 
internal crystal oscillator or by applying an external clock 
signal. 


A data access arrangement (DAA) or acoustic coupler must _ 
provide the phone line interface externally. 

The Am7910 is fabricated using N-channel MOS technol- 
ogy in a 28-pin package. All the digital input and output 
signals (except the external clock signal) are TTL compat- 
ible. Power supply requirements are +5 volts. 


Figure 2. Am7910 Block Diagram 


10 MAIN 
eo 


J | i | TRANSMITTED 95, 
DATA 0 


WWE 


CAP, 


RECEIVED © 
CARRIER 


WORLD-CHIP is a trademark of Advanced Micro Devices. 
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TRANSMITTED 
CARRIER 


WWW 


MAIN 26 
O 


DATA 


REQUEST TO SEND 
CLEAR TO SEND 
CARRIER DETECT 
REQUEST TO SEND 
CLEAR TO SEND 


MAIN 


| BACK 
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INTERFACE SIGNAL DESCRIPTION 
MCo-MC4 (CONTROL INPUTS) 


These five inputs select one of thirty-two modem configurations 
according to the Bell or CCITT specifications listed in Table 1. 
Only 19 of these 32 modes are actually available to the user. 


Modes 0-8 are the normal operation modes. The 1200 Baud 
modes can be selected with or without a compromise equalizer. 


Modes 16-25 permit loop back of the Am7910 transmitter and 
receiver. No internal connection is made. The user must 
externally connect the TRANSMITTED CARRIER pin (Figure 3) 
to the RECEIVED CARRIER pin if analog loopback is required. 
For digital loopback, external connection of RECEIVED DATA 
and TRANSMITTED DATA is required. Whenever a mode in this 
group is selected, the effect is to set all transmit and receive 
filters to the same channel frequency band so that loopback can 
be performed. 


Modes 9-15 and 26-31 are reserved and should not be used. 
DATA TERMINAL READY (DTR) 

A LOW level on this input indicates thé data terminal desires to 
send and/or receive data via the modem. This signal is gated with 
all other TTL inputs and outputs so that a !ow level enables all 


these signals as well as the internal control logic to function. A 
HIGH level disables all TTL I/O pins and the internal logic. 


REQUEST TO SEND (RTS) 


A LOW level on this input instructs the modem to enter transmit 


mode. This input must remain LOW for the duration of data 


transmission. The signal has no effect if DATA TERMINAL 
READY is HIGH (disabled). A HIGH fevel on this input turns off 
the transmitter. 


CLEAR TO SEND (CTS) 


This output goes LOW at the end of a delay initiated when 
REQUEST TO SEND goes LOW. Actual data to be transmitted 
should not be presented to the TRANSMITTED DATA input until a 
LOW is indicated on the CLEAR TO SEND output. Normally the 
user should force the TD input HIGH whenever CTS is off (HIGH). 
This signal never goes LOW as long as DTR is HIGH (disabled). 
CLEAR TO SEND goes HIGH at the end of a delay initiated when 
REQUEST TO SEND goes HIGH. 


CARRIER DETECT (CD) 


A LOW on this output indicates that a valid carrier signal is 
present at the receiver and has been present for at least a time, 
tcpon. where tcpoNn depends upon the selected modem con- 
figuration (Table 2). A HIGH on this output signifies that no valid 
carrier is being received and has not been received for a time, 
tcporr. CARRIER DETECT remains HIGH when DTR is HIGH. 
Values for tcpoN and tcporF are configuration dependent and 
are listed in Table 2. 


TRANSMITTED DATA (TD) 


Data bits to be transmitted are presented on this input serially; 
HIGH (mark) corresponds to logic 1 and LOW (space) corre- 
sponds to logic 0. This data determines which frequency ap- 
pears at any instant at the TRANSMITTED CARRIER output pin - 
(Table 2). No signal appears at the TRANSMITTED CARRIER 
output unless DTR is LOW and RTS is LOW. ; 


RECEIVED DATA (RD) 


Data bits demodulated from the RECEIVED CARRIER input 
are available serially at.this output; HIGH (mark) indicates logic 
1 and LOW (space) indicates logic 0. Under the following 
conditions this output is forced to logic 1 because the data may 
be invalid: 


Am7910 


. When CARRIER DETECT is HIGH 
. During the internal squelch delay at half-duplex line turn 
around (202/V.23 modes only) 
. During soft carrier turnoff at half-duplex line turn around 
(202 mode only) 
4. When DTRi is HIGH 
5. When RTS ON and BRTS OFF in V.23/202 modes only 
6. During auto-answer sequence 


BACK REQUEST TO SEND (BRTS) 


Since the 1200 bps modem configurations, Bell 202 and CCITT 
V.23, permit only half duplex operation over two-wire lines, a low 
baud rate “baokward” channel is provided for transmission from 
the main channel receiver to the main channel transmitter. This 
input signal (BRTS) is equivalent to REQUEST TO SEND for the 
main channel, except it belongs to the backward channel. Note 
that since the Am7910 contains a single transmitter, RTS and 
BRTS should not be asserted simultaneously. BRTS is mean- 
ingful only when a 202 or V.23 mode is selected by MCg-MCzg. In 
all other modes it is ignored. 


For V.23 mode the frequency appearing at the transmitted 
carrier (TC) output pin is determined by a MARK or SPACE at 
the back transmitted data (BTD) input (Table 2). 


For 202 mode a frequency of 387Hz appears at TC when BRTS 
is LOW and BTD is HIGH. No energy (0.0 volts) appears at TC 
when BARTS is HIGH. BTD should be fixed HIGH for 202 back 
channel transmission. The signal, BRTS, then is equivalent to 
the signal, Secondary Request-to-Send, for 202 S/T modems, 
-or Supervisory Transmitted Data for 202 C/D modems. 


BACK CLEAR TO SEND (BCTS) 

This line is equivalent to CLEAR TO SEND for the main channel, 
except it belongs to the back channel. BCTS is meaningful only 
when a V.23 mode is selected by MCg-MCx. This signal is not 
used in Bell 202 back mode. 


BACK CARRIER DETECT (BCD) 

This line is equivalent to CARRIER DETECT for the main 
channel, except it belongs to the backward channel. BCD is’ 
meaningful only when a 202 or V.23 mode is selected by MCo- 
MCy4. For V.23 back channel mode, BCD turns on when either 
the MARK or SPACE frequency appears with sufficient level at 
the received carrier (RC) input. 


For 202 back channel mode, BCD turns on in response to a 
387Hz tone of sufficient level at the RC input. In this case BCD is 
equivalent to the signal, Secondary Received Line Signal De- 
tector, for 202 S/T modems, or Supervisory Received Data for 
202 C/D modems. 


BACK TRANSMITTED DATA (BTD) 

This line is equivalent to TRANSMITTED DATA for the main 
channel, except it belongs to the back channel. BTD is mean- 
ingful only when a 202 or V.23 mode is selected by MCo-MCyq. 
For 202 back transmission of on/off keying, BTD should be fixed 
at a HIGH level. 


BACK RECEIVED DATA (BRD) 

This line is equivalent to RECEIVED DATA (except clamping) for 
the main channel, except it belongs to the back channel. BRD is 
meaningful only when a V.23 mode is selected by MCo-MCy4. 
Under the following conditions this output is forced HIGH: 


_ 1. BRD HIGH 


2. DTR HIGH 

3. V.21/103 mode 

4. During auto-answer 

5. When BRTS ON and RTS OFF in V.23 modes only — 
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TRANSMITTED CARRIER (TC) 


This analog output is the modulated carrier to be conditioned 
and sent over the phone line. 


RECEIVED CARRIER (RC) 
This input is the analog signal received from the phone line. The 


modem extracts the information contained in this modulated | 


carrier and converts it into a serial data stream for presentation 
at the RECEIVED DATA (BACK RECEIVED DATA) output. 

_ RING 
This input signal permits auto-answer capability by responding 
to a ringing signal from a data access arrangement. If a ringing 


signal is detected (RING LOW) and DTR is LOW, the modem 
begins a sequence to generate an answer tone at the TC output. 


XTAL, XTAL2 


Master timing of the modem is provided by either a crystal con- 
nected to these two inputs or an external clock inserted into 
XTAL 1. The value of the crystal or the external clock frequency 
must be 2.4576MHz +.01%. 


Veco . 
+5 volt power supply. (+5%) 


VBB 
—5 volt power supply. (+5%) 


TABLE 1. 


HeoOKeoeoe Mee eo ess 
Honan nnrignv0c0c000 
Bunn ocdc0oO4AAAc0COO 
==0C0=3=0023=004-00 
=AO=0-=020-A0-0-0-0 


Atanas assccccccce 
ane oho Moma ia oo Molo) 
Hem OO24200-4-300-=900 
Lette a chek earrings A a 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


Bell 103 Originate 300bps full duplex 

Bell 103 Answer 300bps full duplex - 

Bell 202 1200bps half duplex 

Bell 202 with equalizer 1200bps half duplex 

CCITT V.21 Orig 300bps full duplex 

CCITT V.21 Ans 300bps full dupfex 

CCITT V.23 Mode 2 1200bps half.duplex 

CCITT V.23 Mode 2 with equalizer 1200bps half duplex 
CCITT V.23 Mode 1 600bps half duplex . 


Reserved 


Bell 103 Orig loopback 

Bell 103 Ans loopback 

Bell 202 Main loopback 

Bell 202 with equalizer loopback 

CCITT V.21 Orig loopback 

CCITT V.21 Ans loopack 

CCITT V.23 Mode 2 main loopback 

CCITT V.23 Mode 2 with equalizer loopback 
CCITT V.23 Mode 1 main loopback 

CCITT V.23 Back loopback 


Reserved 


Figure 3. Loopback Configurations 
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DGND — 
Digital signal ground pin. 


AGND 


Analog signal ground pin (for TRANSMITTED CARRIER and 
RECEIVED CARRIER). 


CAP, CAP> 
4 


Connection points of external capacitor/resistor required for 
proper operation of on-chip analog-to-digital converter. 


Recommended values are: C = 2000pF +10%, 
R = 100M +10%. 


RESET 


This input signal is for a reset circuit which operates in either of 
two modes. It automatically resets when power is applied to the 
device, or it can be activated by application of an external active 
low TTL pulse. 


THEORY OF OPERATION 


The Am7910 MODEM consists of three main sections, shown in 
the block diagram of Figure 2 - Transmitter, Receiver, and 
Interface Control. 


TRANSMITTER (Modulator) 


The transmitter, shown in Figure 4, receives binary digital data 
from a source such as a UART and converts the data to an analog 
signal using frequency shift keying (FSK) modulation. This 
analog signal is applied to the phone line through a DAA or 
acoustic coupler. FSK is a modulation technique which encodes 
one bit per baud. A logic one applied to the TRANSMITTED 
DATA (TD) input causes a sine wave at a given frequency to 
appear at the analog TRANSMITTED CARRIER (TC) output. A 
logic zero applied to input TD causes a sine wave of a different 
frequency to appear at the TC ouput. As the data at the TD input 
switches between logical one and zero, the TC output switches 
between the two frequencies. In the Am7910 this switching be- 
tween frequencies is phase. continuous. The frequencies 
themselves are digitally synthesized sine functions. 


The frequencies for each modem configuration available in the 
Am7910 are listed in Table 3a. 
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' The process of switching between two frequencies as.in FSK 


generates energy at many more frequencies than the two used in 
the modulation. All the transmitted information can be recovered 
from a frequency band B Hz wide, where B is the bit rate or 
maximum rate of change of the digital data at the TD input. This 
band is centered about a frequency, fc, 
where fo = fy + (fa — f1)/2 
(fy = lower of two FSK frequencies) 
(fo = higher of two FSK frequencies) 


In addition to this primary information band, there exist side bands 
containing redundant information. It is desirable to attenuate 
these bands for two reasons: 


1. The phone companies have specifications on the amount of 
energy allowed in certain frequency bands on the line. 


. If two independent information channels are present simul- 
taneously on the line (e.g. 300 bps full duplex or 1200 bps 
half duplex with back), the redundant transmitter components 
may fall in the frequency band of the loca! receiver channel 
and interfere with detection. In the Am7910 these redundant 
and undesirable components are attenuated by digital band- 
pass filters. , 


Following the digital bandpass filters, the filtered FSK signal is 
‘converted to an analog signal by an on-chip DAC operating ata 
high sample rate. This analog FSK signal is finally smoothed by a 
simple on-chip analog low pass filter. ’ 


~ RECEIVER (Demodulator) 


A simplified block diagram of the Am7910 FSK receiver is shown 
in Figure 5. Data transmitted from a remote site modem over the 
phone line is an FSK-modulated analog carrier. This carrier is 
applied to the RECEIVED CARRIER (RC) pin via a DAA or 
acoustic coupler. The first stage of the demodulator is a simple 
on-chip analog low pass anti-alias filter. The output of this is 
converted into digital form and filtered by digital bandpass filters 
to improve the signal to noise ratio and reject other independent 
channel frequencies associated with the phone line in the case of 
full duplex configuration. The bandpass filtered output is digitally 
demodulated to recover the binary data. A carrier detect signal is 
also digitally extracted from the received line carrier to indicate 
valid data. 


Figure 4. Transmitter Block Diagram 
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Figure 5. Receiver Block Diagram 


DIGITAL 
BANDPASS 
FILTERS 


ANALOG 
PREFILTER 


FROM DAA 


R 
ACOUSTIC COUPLER 


9-25 


DIGITAL 
DEMODULATION 


TO UART 


' CARRIER 
DETECT 


01238C-5 








Am7910 


INTERFACE CONTROL 


This section controls the handshaking between the modem and 
the local terminal. It consists primarily of delay generation coun- 
ters, two state machines for controlling transmission and recep- 
tion, and mode control decode logic for selecting proper transmit 
frequencies and transmit and receive filters according to the 
selected modem type. inputs and outputs from this section are 
as follows: 


REQUEST TO SEND (Main and Back) ° 
CLEAR TO SEND (Main and Back) 
CARRIER DETECT (Main and Back) 
RING 

MCO-MC4 

DATA TERMINAL READY 


Internal logic clamps protocol signals to different levels under 
certain conditions (e.g., initial conditions). 


When Bell 103/113 and V.21 modem configurations are selected, 
the back channel signals are non-functional. 


Figures 8 and 9 depict the sequencing of the two state machines. 
State machine 1 implements main or back channel transmission 
and the auto-answer sequence. State machine 2 implements 
reception on main or back channel. 


The state machine powers on to the state labelled INITIAL 
CONDITIONS. Handshake signals are set to or assumed to be 
the levels listed in Table 2. The machine then waits for DATA 
TERMINAL READY (DTR) to be turned on. Whenever DTR is 
turned to the OFF state from an ON condition, each state 
machine and external signals return to the initial conditions 
within 25 microseconds. After DTR is turned ON the Am7910 


Figure 6. 


CCITT V.21 CHANNEL ASSIGNMENTS. 


FREQUENCY (Hz) 


becomes operational as a modem and the state machines pro- 
ceed as depicted in the flowcharts. . 


The definitions of the terms Full Duplex and Half Duplex used in 
these flowcharts are depicted below (Figs. 6 and 7). “Full Duplex” 
applies to all 103/113, V.21 modes. “Half Duplex” applies to 202 
and V.23, both forward and backward channel. 


Full Duplex: Data can be transmitted and received simultane- 
ously at arate of 300 baud. Two independent 300Hz channels are 
frequency multiplexed into the 3000Hz bandwidth of the phone 
line. The Am7910 configurations for the Bell 103/113 and CCITT 
V.21 can be operated full duplex. - 


Half Duplex: In half duplex with back channel, the modem may 
transmit at 1200/600 baud and receive at 5/75 baud. Alternatively 
it may transmit at 5/75 baud and receive at 1200/600 baud. 
Examples are Bell 202 and CCITT V.23. 


TABLE 2. 
- INITIAL CONDITIONS 


Data Terminal Ready (DTR) 

Request to Send (RTS) 

Clear to Send (CTS) 

Transmitted Data (TD) Ignored 
Back Channel Request to Send (BRTS) OFF 
Back Channel Clear to Send (BCTS) OFF 
Back Channel Transmitted Data (BTD) Ignored 
Ring(RING) —___ OFF 
Carrier Detect (CD) OFF 
Received Data (RD) MARK 
Back Channel Carrier Detect (BCD) OFF 
Back Channel Received Data (BRD) MARK 


Full Duplex . 


BELL 103/113 CHANNEL ASSIGNMENTS 


4 


Y 
Z 


FREQUENCY (Hz) 
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Figure 7. Half Duplex 
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TABLE 3(a). FREQUENCY PARAMETERS 
Transmit Receive 
Frequency Frequency 
Answer 
Tone 
Space Freq 
Hz Hz 


Bell 103 Orig 

Bell 103 Ans 
CCITT V.21 Orig 
CCITT V.21 Ans 
CCITT V.23 Mode 1 
CCITT V.23 Mode 2 
CCITT V.23 Mode 2 Equalized 
Bell 202 

Bell 202 Equalized 
CCITT V.23 Back 
Bell 202 Back 


*(BRTS LOW) and (BTD HIGH): 387Hz at TC **387Hz at RC: BCD LOW 
*(BRTS HIGH) or (BTD LOW): 0 volts at TC **No 387Hz at RC: BCD HIGH 
*Meets new CCITT R20 frequency tolerance. ; 


Frequency tolerance is less than +0.4Hz with 2.4576MHz Crystal. Except Bell 202 which is +1Hz (1200 Hz, mark) 


TABLE 3(b). TIMING PARAMETERS (Refer to Figures 10, 11 and 12 for Timing Diagrams) 


‘ CCITT | CCITT| CCITT; CCITT} V.23 CCITT ; 
Bell 103|Bell 103) V.21 | V.21 . v.23 |Mode 2 Bell 202) V.23 |Bel!l 202 
Description Orig Ans | Orig | Ans |Mode 1\/Mode 2; EQ [Bell 202} EQ Back | Back | Units 
Request-to-Send to 
Clear-to-Send ON Delay 
t Request-to-Send to 
RC(Ott) | Clear-to-Send OFF Delay 
t ‘ Back Channel Request-to-Send 
BRC(On) | to Clear-to-Send ON Delay 
t Back Channel Request-to-Send 
BRC(Of) | to Clear-to-Send OFF Delay 
som [omeomwoven | S| fe |S 
ee cd jaro | ato | 2140, 
t Back Channel Carrier Detect 
BCD(On) | on Delay 


t Back Channel Carrier Detect 
BCD{OM) | OFF Delay 
Answer Tone Duration | - | 
t Silence Interval before 
SIL Transmission . 
Receiver Squelch Duration ee 
Transmitter Soft Turn-Off 
Duration 


it | Minimum Ri Low Duration Las 


oc 
| 25 
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CALL ESTABLISHMENT 


Before two modems can exchange data, an electrical connection 
through the phone system must be established. Although it may 
assist in call establishment, a modem typically does not play a 
major role. A call may be originated manually or automatically and 
it may be answered manually or automatically. 


Manual Calling — Manual calling is performed by a person who 
dials the number, waits for an answer , then places the calling 
modem into data transmission mode. 


Automatic Calling — Automatic calling is typically performed by 
an automatic calling unit (ACU) which generates the appropriate 
dialing pulse or dual-tone sequence required to call the remote 
(called) modem. The ACU also has the ability to detect an answer 
tone from the called modem and place the calling modem into 
data transmission mode. 


Manual Answering - Manual answering is performed by a person 
who hears the phone ring, lifts the receiver, causes the called 
modem to send an answer tone to the calling modem, and places 
the called modem into data transmission mode. 


Automatic Answering — Automatic answering is performed by 
a called modem with a data access arrangement (DAA). The 
DAA detects a ringing signal, takes the phone circuit off-hook 
(corresponding to lifting the receiver) and instructs the called 
modem to commence the auto-answer sequence. Next the 
called modem sends out silence on the line, followed by an 
answer tone. When this tone is detected by the calling modem, 
the connection is considered to have been established. 


The Am7910 provides assistance for. automatic answering 
through the RING signal as follows. Observe the upper right-hand 
portion of Figure 8(a). Assume that DATA TERMINAL READY 
(DTR) has recently been asserted to cause exit from the initial 
conditions. Note that if DTR remains OFF, RING is ignored. 
Assume also that RTS and BATS are OFF and that the mode 
control lines (MCO-MC4) select a normal modem configuration, 
not a loopback mode. Automatic answering is initiated by receipt 
of a LOW level at the RING input, causing entrance to the auto- 
answer sequence depicted in Figure 8(c). 


The Am7910 outputs silence (0.0 volts) at its TRANSMITTED 
CARRIER (TC) output for a time, tsj_, followed by the answer 
tone for a time, tat. The CARRIER DETECT (CD) pinis clamped 
OFF and the RECEIVED DATA (RD) signal is therefore clamped 
to a MARK (HIGH) during the auto-answer sequence. Upon 
completion of the answer tone, CD is released. If the mode lines 
(MCO-MC4) select a 202 or V.23 mode, the transmit filters are set 
to the forward channel and the receive filters are set to the back 
channel during the auto answer sequence. 





At the end of the auto-answer sequence, return is made to pointA 
in the loop at the upper right-hand portion of Figure 8(a). Note that 
since the answer flag has been set, the auto-answer sequence 
cannot be entered again unless DTR is first turned OFF, then ON. 
At this point the phone line connection has been established and 
data transmission or reception may begin. 


The RING input may be activated from a conditioned DAA Ring 
Indicator output for automatic answering or it may be activated by. 
a switch for manual answering. Tying RING HIGH will disable the 
auto-answer function of the Am7910. 


DATA TRANSMISSION 
Full Duplex 


Following call establishment, full duplex data transmission canbe _ 


started by either the called or calling modem. In other words, if the 
connection has been established and the modem is looping 
through point A in Figure 8(a), it no longer matters which is the 


a 


called and which is the calling modem. Data transmission is 
initiated by asserting REQUEST TO SEND (RTS). Atthis time the 
TRANSMITTED DATA (TD) input will be released and a mod-. 
ulated carrier can appear at the TRANSMITTED CARRIER (TC) 
output. Following a delay, tacon, CLEAR TO SEND (CTS) will 
turn ON. At this time, data may be transmitted through the TD 
input. It ts a common protocol for the user to always present a 
MARK at the TD input before RTS is asserted and during the 


tRCoN delay. 


Data transmission continues until RTS is turned OFF. Following a 
short delay, tacorr, CTS turns OFF. As soon as RTS goes OFF, 
the TD input is ignored and the TC output is set to 0.0 volts 
(silence). After CTS turns OFF, the state machine returns to point 
A in Figure 8(a). 


Half Duplex | 


When a half duplex mode is selected (202 or V.23), data trans- 
mission can be either on the main channel at 1200/600 baud or on 
the back channel at 5/75 baud. In normal half duplex operation a 
single modem is either transmitting on the main and receiving on 
the back channel or vice versa. In the Am7910 control of the 
transmitter and receiver filters to the proper channel is performed 
by RTS. When RTS is asserted, the transmitter filters and syn- 
thesizer are set to transmit on the main channel; the receiver 
filters are set to receive on the back channel. Therefore, 
whenever RTS is on, BRTS should not be asserted since the 
transmitter cannot be used for the back channel. When RTS is 
OFF anda half duplex modeis selected, the transmitter filters and 
synthesizer are set to the back channel; the receiver filters are set 
to the main channel. lf RTS and BRTS are asserted simultane- 
ously, RTS will take precedence. However, if BRTS is asserted 
before RTS and the back channel data transmission sequence 
has been entered (Figure 8(b)), RTS will be ignored until BRTS is 
turned OFF. 


The state machine sequences for main and back channel trans- 
mission differ slightly and are depicted in Figure 8. Assume the 
state machine is idling through point A in Figure 8(a). 








Main Channel 


This transmission sequence is entered if a 202 or V.23 mode is | 
selected and RTS is asserted. Since the receiver is now forced to 
the back channel, the RECEIVED DATA (RD) signal is clamped 
to a MARK; and the CARRIER DETECT signal is clamped OFF. 
The TRANSMITTED DATA input (TD) is released and a carrier 
appears at the TRANSMITTED CARRIER output which follows 
the MARK/SPACE applied to TD. RTS turning ON initiates a 
delay, tacon, at the end of which the CLEAR TO SEND (CTS) 
output goes LOW. When CTS goes LOW data may be transmit- 
ted through input TD. Data transmission-continues until RTS is 
turned OFF. At this time several events are initiated. First a delay, 
tRCOFF. is initiated at the end of which CTS turns OFF. The TD 
input is ignored as soon as RTS goes OFF. If a 202 mode is 
selected, a soft turn-off tone appears at the TC output for a time, 
tsto, followed by silence (0.0 volts). For both 202 and V.23 
modes a squelch period, tgq, is initiated when RTS goes OFF. 
During this period the CD output is clamped OFF, forcing the RD 
output to a MARK condition. The squelch period begins as soon 
as RTS goes OFF and thus overlaps both tacorr and tsTo. At 
the end of the squelch period, the state machine returns to the idle 
loop at point A in Figure 8(a). 


The reasons for squelch and soft-turnoff are as follows: 


Soft Turn-Off: When RTS is turned OFF at the endofamessage, . 
transients occur which may cause spurious space signals to be 
received at a remote modem. During soft turn-off the modem 


. transmits a soft carrier frequency for a period, tsjo, after RTS is 
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turned OFF. This results in a steady MARK on the RECEIVED 
DATA (RD) line of the remote modem. 


Squelch: The local receiver must be turned OFF after RTS is 
OFF, until the start of carrier detect, so that line transients are not 
demodulated. The process of disabling the receiver after RTS is 
turned OFF is called squelching. 


Back Channel 


This transmission sequence, shown in Figure 8(b), is entered if a 
202 or V.23 mode is selected, RTSis OFF, and BRTS is asserted. 
The BACK CARRIER DETECT (BCD) output is forced OFF and 
the BACK RECEIVED DATA (BRD) output is clamped to a 
MARK. The BACK TRANSMITTED DATA input (BTD) is re- 
leased and a carrier appears at the TC output which follows the 
MARK/SPACE applied to BTD. Turning ON BRTS initiates a 
delay, taRcon, at the end of which the BACK CLEAR TO SEND 
(BCTS) output goes LOW. When BCTS goes LOW data may be 
transmitted through input BTD. Data transmission continues until 
BRTS is turned OFF. The input BTD is immediately ignored and 
the TC output is silenced (set to 0.0 volts). Following a short 
delay, taRcorr. the output BCTS goes OFF. The signals BCD 
and BRD are released and the state machine returns to idle at 
point A of Figure 8(a). 


In. 202 back channel mode, BTD should be tied HIGH. Then 
BRTS controls the ON/OFF keying modulation. When BRTS is 
LOW, 387Hz appears at the TC output; when BRTS is HIGH, 0 
volts appears at TC. 


DATA RECEPTION 


Data reception is controlled by state machine 2 and depicted in 
Figure 9. At power on the machine enters initial conditions and 
remains there until DTR is asserted. It then loops until either 
CARRIER DETECT(CD) or BACK CARRIER DETECT (BCD) 


occurs. 


Full Duplex 


In full duplex data reception, CARRIER DETECT may appear 
at any time after the phone connection has been established. 
Reception is independent of transmission. When the receiver 
detects a valid carrier for at least a time, tcpon, the output CD is 
turned ON, the RECEIVED DATA (RD) output is released, and 
valid data can be obtained at RD. Data is received until the 
receiver detects loss of carrier for at least a time, tcpoFr. At this 
time the CD output is turned OFF and RD is clamped to a MARK. 
The state machine returns to the idle loop at point E. 


Am7910 


Half Duplex 


As discussed in the data transmission section above, when a 
half duplex mode has been selected, the signal RTS controls 
whether the main.channel is transmitting or receiving. The back 
channel can only do the opposite from the main. If RTS is OFF, 
then CARRIER DETECT may be asserted and the data recep- 
tion sequence is identical to that discussed above for full dup- 
lex lex reception. As long as RTS remains OFF, BACK CARRIER 
DETECT ECT will never be asserted. If RTS is ON, then CARRIER 
DETECT will never be asserted. Instead the receiver will look 
for a valid carrier in the back channel frequency band. If a valid 
carrier exists for at least a time, tgcpon, the output BACK 
CARRIER DETECT (BCD) is turned ON, the BACK RECEIVED 
DATA (BRD) output is released and valid data can be obtained 
at BRD. Data is received until the receiver detects loss of back 
channel received signal for at least time, tgcporr.- At this time 
the BCD output is turned OFF. Data output, BRD, is clamped to 
a MARK. if a V.23 mode is selected. For 202 back channel 
mode, BCD represents the received data. The BRD output 
can be ignored. The state machine returns to the idle loop at 
point E. 


LOOPBACK 


Ten modes exist to allow both analog and digita' ;oopback far 
each modem specification met by the Am7910. When a loopback 
mode is selected, the signal processing (filters, etc.) for both the 
transmitter and receiver is set to process the same channel or 
frequency band. This allows the analog output, TRANSMITTED 
CARRIER, and the analog input, RECEIVED CARRIER, to be 
connected for local analog loopback. Alternatively the digital data 
signals, TD and RD or BTD and BRD, can be connected exter- 
nally, allowing a remote modem to test the local modem with its 
digital data signais looped back. 


When a loopback mode is selected, the state ashing sequences 


_ are altered slightly. First, auto-answer is disabled. Second, if a 
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half duplex loopback mode is selected (202 or V.23), the local 
CARRIER DETECT/BCD is not forced OFF when RTS/BRTS is 
asserted. 


The 202 and V.23 main loopback modes allow use in a 4-wire 
configuration at 1200 bps. 
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Figure 8(a). Transmit Main Channel State Diagram 
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Figure 8(b). Transmit Back Channel State Diagram 
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Figure 8(c). Auto Answer State Diagram 
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Figure 9. Receiver Main/Back Channel State Diagram 
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Figure 10. BELL 202 Handshake Timing 
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Figure 11. CCITT V.23 Handshake Timing 
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Figure 12. BELL 103/CCITT V.21 Handshake Timing 
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CLOCK GENERATION 


Master timing of the modem is provided by either a crystal con- 
nected to the XTAL; and XTALg2 inputs or an external clock 
applied to the XTAL input. 


Crystal 


When a crystal is used it should be connected as shown in 
Figure 13. The crystal should be a parallel resonance type, and 
its value must be 2.4576MHz +.01%. A list of crystal suppliers is 
shown below. 


External Clock: 


This clock signal could be derived from one of several crystal- 
driven baud rate generators. It should be connected to the 
XTAL; input and the XTAL2 input must be left floating. The 
timing parameters required of this clock are shown in Figure 13 
and the values are listed in Table 4. 


Figure 13. Clock Generation 


Crystal Information (f¢ = 2.4576MHz) 


Manufacturer 
M-Tron 
Monitor Products 


P/N CG Co 
MP-2 
MM-33 


20pF 
20pF 


20pF 
20pF 


Note: Rise time of Vcc must be greater than Smsec to 
‘insure proper crystal oscillator start-up. 


*Capacitors values vary with different crystal manufacturers. 
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TABLE 4. 
CLOCK PARAMETERS 


Clock Period 

Clock High Time 
Clock Low Times © 
Clock Rise,fimes Ni Ag 
Clock. Fa all Timec* 


—— 
a \ 
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POWER ON RESET ; 
The reset circuit operates in either of two modes. 


Automatic Reset 


In this mode an internal reset sequence is automatically en- 
tered when power is applied to the device. One resistor and 
one capacitor must be connected externally as shown in Figure 
14. Values shown will work with most power supplies. Power 
supply (Vcc) rise time should be less than one half the RC 
time constant. 


Figure 14. Automatic Reset 


Voc 
Am7910 IMEGO (+20%) 
RESET 


O47 uF (20%) 
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&xternal Reset 


In this mode the device may be forced into the reset sequence 
by application of an active LOW pulse applied to the RESET 
input. The reset must not be applied until the Voc supply has 
reached at least 3.5V. Timing is diagrammed in Figure 15. 


Figure 15. External Reset 


TIMING DIAGRAMS 





tpn = delay from the time Vcc reaches 3.5V and the falling edge 


of RESET signal (>1s) 
trL = RESET LOW duration time (>twcoK = 406ns) 


01238C-17 





9-37 


Am7910 


NOMINAL PERFORMANCE SPECIFICATIONS. 
TRANSMITTER (All Modem Types) 


Input Data Format: Serial, asynchronous, standard TTL levels 
Modulation Technique: 
Binary, phase-coherent Frequency Shift Keying (FSK) 
TC Output Level: —3dBm into 6002 
Frequency Accuracy: 
+0.4Hz all modems except Bell 202 (mark) 
+1.0Hz Bell 202 (mark) 
Harmonics: —45dB from fundamental for single tones 


Delay uncertainty for TD logic input change to TC frequency 
change: <8.3us 


Out-of-band energy: See Figure 16 


RECEIVER 


Output Data Format: Serial, asynchronous, TTL levels 
Demodulation Technique: Differential FM Detection 
Sensitivity at Receiver Input: OdBm to —48dBm 
‘Frequency Deviation Tolerance: +16Hz 
Carrier Detect Threshold: 

>—43dBm +1dB 

<—48dBm +1dB 


TEST MEASUREMENT SETUP 


Am7910 performance is characterized using the test equipment 
setup shown in Figure 17. The HP1645A data error analyzer is 
used to generate 511-bit pseudo random binary sequences 
(PRBS) at Dout for testing the modem. The 1645A also re- 
ceives and analyzes the 511-bit digital pattern at Djjy after it 


has progressed around the test loop. A reference transmitter 


converts the digital sequence generated by the HP1645A into 
an FSK signal. The FSK signal is typically adjusted to different 
levels from —12 to —45dBm. The level-adjusted FSK signal or 
incident signal then passes through three pieces of equipment 
which comprise the telephone line simulator. The Wandel and 
Golterman TLN-1 and DLZ-4 simulate amplitude and group 
delay characteristics typical of a wide variety of phone lines. 
Line perturbations, such as amplitude hits and phase hits, may 
be injected by the Bradley 2A/2B. 


The summing amplifier which drives the modem under test has 
three inputs. One of these inputs is the incident FSK signal 
which has been passed through a simulated phone line. The 
second input is from an optionally filtered noise source in order 
to simulate noise conditions which may be encountered on 
phone lines. The third input is from the transmitter of the 
Am7910 under test. This third input simulates the adjacent 
channel! signal seen at the input of the Am7910 receiver due to 
the duplexer used on 2-wire lines. If 4-wire testing is being 
performed, the adjacent channel would not normally be 
included. 


The HP3551A or HP3552A Transmission Test Set is used for 
measuring various levels which the modem under test is to re- 
ceive. The levels of each of the three inputs to the summing 
amplifier should be measured independently of the other two 
inputs. For instance, the incident signal level should be mea- 
sured by the transmission test set with no adjacent channel or 
noise present. The dashed line from the noise generator shows 
that the noise may or may not be measured at the output of the 
noise generator, depending on whether or not an optional filter is 
used, or on the characteristics of the filter. 


Figure 16. Out-of-Band Transmitter Energy 
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Figure 17. BER and Distortion Measurement Test Setup 
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Am7910 
MAXIMUM RATINGS 





Storage Temperature : —65 to +125°C 
Ambient Temperature under Bias Oto +70°C 
Vec with Respect to VpGnp +6V/—.4V 
Ves with Respect to VpGnp —6V/+.4V 
All Signal Voltages with Respect to VpoGnp , os +5V 





The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid 
exposure to excessive voltages. 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


OPERATING RANGE 
Ambient Temperature VAGND VDGND 


0°C <Ta < +70°C +5.0V+5% | -5.0V25% | ov+somv | ov 


DC CHARACTERISTICS 


Digital Inputs: TD, RTS, TS, MCo-MCa, DTR, RING, BTD, BRTS 
Digital Outputs: RD, CTS, CD, BRD, BCTS, BCD 


Parameters Description Test Conditions Unit 


Pier oma [a nope To 
Ca a a ee 
a a a es aC” 
a OS 
= 
a 
















—_e Output (TC): 


Foupa vonage Sidon Td von] 
ae Tes 
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STANDARD LOAD CIRCUIT 


R2. 
19500 + 1% 


Ri 
48K + 1% 
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APPLICATIONS © 


‘Figure 18 depicts a stand-alone Am7910 configuration. An op 
amp and three resistors provide a duplexor function to put the 
transmitter output onto the line while receiving adjacent chan- 
nel data from the line. Connection to the line is via a Data Ac- 
cess Arrangement (DAA). Note the lack of external analog fil- 
ters. The TTL handshake signals may be level converted to 
RS-232, RS-422, or V.24 using appropriate devices. Mode 
control lines are hardwired or connected to switches. 


Am7910 


Notes: 1. Cy = 50pF including stray and wiring capacitance 
2. All diodes are IN3064 or equivalent 
3. Allresistors are 1/8 watt 
4. Voc = S volts +1% 


Figure 19 depicts use of the Am7910 when a microprocessor. 
resides in the same physical location. The duplexor/line interface 
is identical to the above configuration. However, the handshake 
signals interface directly to a UART-type device which in turn 
interfaces to a microprocessor. The mode control lines might also 
be controlled by the microprocessor. 


Figure 18. Stand-Alone Am7910 Application 


Am26LS32 


Ae 
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Am7910 


DLB = DIGITAL LOOPBACK 
ALB = ANALOG LOOPBACK LOCAL COPY 


*See Figure 13 


(2) 24576mHz 


c,* 


2000pF 


POWER 
SUPPLY 
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Figure 19. Microprocessor Application 
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* 01238C-22 


ORDERING INFORMATION 


Package Temperature 
Type Range 
Plastic DIP 0° < Ta = +70°C 


Leadless Carrier. 


Plastic and leadless carrier packages to be announced. 
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*Z8000, Z8030 and Z8530 are trademarks of Zilog, Inc. 


AmZ8030 * AmZ8530 (SCC 


Serial Communications Controller 


DISTINCTIVE CHARACTERISTICS 


@ Two 1M.bps full duplex serial channels 
Each channel has independent oscillator, baud-rate 
generator, and PLL for clock recovery, dramatically re- 
ducing external components. , 
Programmable protocols 
NRZ, NRZI, and FM data encoding supported under 
program control. : 
Programmable Asynchronous Modes 
5 to 8 bit characters with prorammable stop bits, clock, 
break detect, and error conditions. 
Programmable Synchronous Modes 
SDLC and HDLC and SDLC !foop supported with frame 
control, zero insertion and deletion, abort, and residue 
handling. CRC-16 and CCITT generators and checkers. 
Z8000* compatible 
The Z8030 interfaces directly to the Z8000 CPU bus and 
to the Z8000 interrupt structure. 
Compatible with non-multiplexed bus 
The Z8530 interfaces easily to most other CPUs. 


GENERAL DESCRIPTION 


The SCC Serial Communications Controller is a dual- 
channel, multi-protocol data communications peripheral 
designed for use with 8- and 16-bit microprocessors. The 
SCC functions as a serial-to-parallel, parallel-to-serial 
converter/controller. The SCC can be software-configured to 
satisfy a wide variety of serial communications applications. 
The device contains a variety of new, sophisticated internal 
functions including on-chip baud rate generators, digital 
phase-locked loops, and crystal oscillators, which dramati- 
cally reduce the need for external logic. 


The SCC handles asynchronous formats, Synchronous 
byte-oriented protocols such as IBM Bisync, and Synchro- 
nous bit-oriented protocols such as HDLC and IBM SDLC. 
This versatile device supports virtually any serial data trans- 
fer application (cassette, diskette, tape drivers, etc.). 


The device can generate and check CRC codes in any 
Synchronous mode and can be programmed to check data 
integrity in various modes. The SCC also has facilities for 
modem controls in both channels. In applications where 
these controls are not needed, the modem controls can be 
used for general-purpose 1/O. 


The SCC is offered in two versions. The AmZ8030 is directly 
compatible with the Z8000 and 8086 CPUs. The AmZ8530 is 
designed for non-multiplexed buses and is easily interfaced 
to most other CPUs, such as 8080, Z80, 6800 68000, and. 
+Multibus. 


BLOCK DIAGRAM 


INTERNAL 
CONTROL 
LoGic 


ADDRESS 
DATA 
CONTROL Ca» 


vet 7. INTERNAL BUS 


BUS I/O 


INTERRUPT INTERRUPT 
CONTROL CONTROL 
LINES LoGic 


Figure 1. 


a 


+MULTIBUS is a trademark of Intel. 
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ARCHITECTURE 


The SCC interna! structure includes two full-duplex channels, two 
baud rate generators, internal control and interrupt logic, and a 

‘bus interface to the Z8000 CPU (AmZ8030) or to a non- 
multiplexed CPU bus (AmZ8530). Associated with each channel 
are a number of read and write registers for mode control and 
status information, as well as logic necessary to interface to 
modems or other external devices (Figure 1). 


The logic for both channels provides formats, synchronization, 
and validation for data transferred to and from the channel 
interface. The modem control inputs are monitored by the con- 
trol logic under program control. All of the modem control sig- 
nals are general-purpose in nature and can optionally be used 
for functions other than modem control. 


The register set for each channel includes ten control (write) 
registers, two synchronous character (write) registers, and four 
status (read) registers. In addition, each baud rate generator 
has two (read/write) registers for holding the time constant that 
determines the baud rate. Finally, associated with the interrupt 
logic is a write register for the interrupt vector accessible 
through either channel, a write-only Master Interrupt Control 
register and three read registers: one containing the vector with 
status information (Channe! B only), one containing the vector 
without status (A only), and one containing the Interrupt Pend- 
ing bits (A only). 


The registers for each channel are designated as follows: 


WRO-WR15 — Write Registers 0 through 15. 
RRO-RR3, RR10, RR12, RR13, RR15 — Read Registers 0 
through 3, 10, 12, 13, 15. 


The following table lists the functions assigned to each read or 
write register. The SCC contains only one WR2 and WR9, but 
they can be accessed by either channel. All other registers are 
paired (one for each channel). 


DATA PATH 


The transmit and receive data path illustrated in Figure 2 is 
identical for both channels. The receiver has three 8-bit buffer 
registers in a FIFO arrangement, in addition to the 8-bit re- 
ceive shift register. This scheme creates additional time for the 
CPU to service an interrupt at the beginning of a block of high- 
speed data. Incoming data is routed through one of several 
paths (data or CRC) depending on the selected mode (the 
character length in asynchronous modes also determines the 
data path). 


The transmitter has an 8-bit transmit data buffer register loaded 
from the internal data bus and a 20-bit transmit shift register 
that can be loaded either from the sync-character registers or 
from the transmit data register. Depending on the operational 
mode, outgoing data is routed through one of four main paths 
before it is transmitted from the Transmit Data output (TxD). 


TABLE 1. READ AND WRITE REGISTER FUNCTIONS 


READ REGISTER FUNCTIONS 


RRO 
RR1 
RR2 


Transmit/Receive buffer status and External status 
Special Receive Condition status 


Modified interrupt vector 
(Channel B only) 

Unmodified interrupt vector 
(Channel A only) 


Interrupt Pending bits 
(Channel A only) 


Receive buffer 

Miscellaneous status 

Lower byte of baud rate generator time constant 
Upper byte of baud rate generator time constant 
External/Status interrupt information 


WRITE REGISTER FUNCTIONS 


WRO CRC initialize, initialization commands for the various 


modes, shift right/shift left command 


WRi Transmit/Receive interrupt and data transfer mode 


definition 
WR2 
WR3 
WR4 


Interrupt vector (accessed through either channel) 
Receive parameters and control 


Transmit/Receive miscellaneous parameters and 
modes ; 


WRS 
WR6 
WR7 
WR8 
wRg 


Transmit parameters and controls | 
Sync characters or SDLC address field 
Sync character or SDLC flag 

Transmit buffer 


Master interrupt control and reset (accessed through 
either channel) 


WR10 
WR11 
WR12 
WR13 
WR14 
WR15 


Miscellaneous transmitter/receiver control bits 
Clock mode contro! 

Lower byte of baud rate generator time constant 
Upper byte of baud rate generator time constant 
Miscellaneous control bits 

External/Status interrupt control 





Sb-6 


YO DATA BUFFER 


INTERNAL DATA BUS. © ae AP POS . i : : 


TO OTHER CHANNEL 


UPPER BYTE WR7 SYNC WR6 SYNC 
TIME CONSTANT RECEIVE RECEIVE Oreieyen Reciewes TRANSMIT DATA 
. INTERNAL TxD 
FINAL 
Tx MUX TxD 


BA GENERATOR j BR GENERATOR a START 
INPUT 1S Or COW COUNTIES | | OUTPUT 20-BIT TRANSMIT J SHIFT REGISTER —f 7A 
; RECEIVE 
ERROA 
HUNT MODE (BISYNC) rosie 
TRANSMIT MUX singl ERGOBE 





{5 BITS) 


EI CRC DELAY «canine 
INTERNAL : a errs): . RAnsMl 
as CRC GENERATOR 
CRC RESULT 
NRZI DECODE 


SYNC REGISTER RECEIVE TRANSMIT MU 
& ZERO DELETE 3 BITS SYNC REGISTER : 


DPLL OUTPUT 


BR GENERATOR OUTPUT 


RECEIVE CLOCK 
DPLL OUTPUT 
TRANSMIT CLOCK 


DPLL CLOCK 
BR GENERATOR CLOCK 


SYNC 
(OSCILLATOR) 


2-902600 


Figure 2. Data Path 





oesezwy /ocosZzwiy 





AmZ8030/AmZ8530 


FUNCTIONAL DESCRIPTION 


The functional capabilities of the SCC can be described from two 
different points of view: as a data communications device, it 
transmits and receives data in a wide variety of data communica- 
tions protocols; as a microprocessor peripheral, it interacts with 
the CPU and provides vectored interrupts and handshaking 
signals. 


DATA COMMUNICATIONS CAPABILITIES 


The SCC provides two independent full-duplex channels pro- 
grammable for use in any common asynchronous or synchro- 
nous data-communication protocol. Figure 3 and the following 
description briefly detail these protocols. 


Asynchronous Modes 


Transmission and reception can be accomplished independently 
on each channel with five to eight bits per character, plus optional 
even or odd parity. The transmitters can supply one, one-and-a- 
half or two stop bits per character and can provide a break output 
at any time. The receiver break-detection logic interrupts the CPU 
both at the start and at the end of a received break. Reception is 
protected from spikes by a transient spike-rejection mechanism 
that checks the signal one-half a bit time after a Low level is 
detected on the receive data input (RxDA or RxDB in Figure 18). If 
the Low does not persist (as in the case of-a transient), the 
character assembly process does not start. 


Framing errors and overrun errors are detected and buffered 
together with the partial character on which they occur. Vec- 


PARITY 


MARKING LINE 


tored interrupts allow fast servicing or error conditions using 
dedicated routines. Furthermore, a built-in checking process 
avoids the interpretation of framing error as a new start bit: a 
framing error results in the addition of one-half a bit time to the 
point at which the search for the next start bit begins. 


The SCC does not require symmetric transmit and receive clock 
signals — a feature allowing use of the wide variety of clock 
sources. The transmitter and receiver can handle data ata rate of 
1, 1/16, 1/32; or 1/64 of the clock rate supplied to the receive and 
transmit clock inputs. In asynchronous modes, the SYNC pin may 


be programmed as an input used for functions such as monitoring 


a ring indicator. 


Synchronous Modes 


The SCC supports both byte-oriented and bit-oriented synchro- 
nous communication. Synchronous byte-oriented protocols can 
be handled in several modes allowing character synchronization 
with a 6-bit or 8-bit synchronous character (Monosync), any 12-bit 
synchronous pattern (Bisync), or with an external synchronous 
signal. Leading synchronous characters can be removed without 
interrupting the CPU. 


Five- or 7-bit synchronous characters are detected with 8- or 
16-bit patterns in the SCC by overlapping the larger pattern — 
across multiple incoming synchronous characters as shown in - 
Figure 4. 
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Figure 3. SCC-Protocols 
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Figure 4. Detecting 5- or 7-Bit Synchronous Characters 





CRC. checking for Synchronous byte-oriented modes is de- 
layed by one character time so that the CPU may disable CRC 
checking on specific characters. This permits the implementa- 
tion of protocols such as IBM Bisync. 


Both CRC-16 (X16 + X15 + X2 4 1) and CCITT (X16 + X12 + 
X5 + 1) error checking polynomials are supported. Either 
polynomial may be selected in all synchronous modes. Users 
may preset the CRC generator and checker to all 1s or all Os. 
The SCC also provides a feature that automatically transmits 
CRC data when no other data is available for transmission. This 
allows for high-speed transmissions under DMA control, with no 
need for CPU intervention at the end of a message. When there is 
no data or CRC to send in synchronous modes, the transmitter 
inserts 6-, 8-, or 16-bit synchronous characters, regardless of the 
programmed character length. 


The SCC supports synchronous bit-oriented protocols, such as 
SDLC and HDLC, by performing automatic flag sending, zero 
insertion, and CRC generation. A special command can be used 
to abort a frame in transmission. At the end of a message, the 
SCC automatically transmits the CRC and trailing flag when the 
transmitter underruns. The transmitter may also be programmed 
to send an idle line consisting of continuous flag characters or a 
. Steady marking condition. 


If a transmit underrun occurs in the middle of a message, an 
external/status interrupt warns the CPU of this status change so 
that an abort may be issued. The SCC may also be programmed 
to send an abortitself in case of an underrun, relieving the CPU of 
this task. One to eight bits per character can be sent allowing 
reception of a message with no prior information about the 
character structure in the information field of a frame. 


. The receiver automatically acquires synchronization on the 
leading flag of a frame in SDLC or HDLC and provides a syn- 
chronization signal on the SYNC pin (an interrupt can also be 
programmed). The receiver can be programmed to search for 
frames addressed by a single byte (or four bits within a byte) of a 
user-selected address or to a global broadcast address. In this 
mode, frames not matching either the user-selected or broadcast 
address are ignored. The number of address bytes can be ex- 
tended under software control. For receiving data, an interrupt on 
the first received character, or an interrupt on every character, or 
on special condition only (end-of-frame) can be selected. The 
receiver automatically deletes all Os inserted by the transmitter 
during character assembly. CRC is also calculated and is au- 
tomatically checked to validate frame transmission. At the end of 
transmission, the status of a received frame is available in the 
status registers. In SDLC mode, the SCC must be programmed to 
use the SDLC CRC polynomial, but the generator and checker 
may be preset to all 1s or all Os. The CRC is inverted before 
transmission and the receiver checks against the bit pattern 
0001110100001111. 


NRZ, NRZI or FM coding may be used in any 1X mode. The 
parity options available in asynchronous modes are available in 
synchronous modes. 


The SCC can be conveniently used under DMA control to 
provide high-speed reception or transmission. In reception, for 


example, the SCC can interrupt the CPU when the first . 


character of a message is received. The CPU then enables the 
DMA to transfer the message to memory. The SCC then issues 
an end-of-frame interrupt and the CPU can check the status 
of the received message. Thus, the CPU is freed for other 
service while the message is being received. The CPU may also 
enable the DMA first and have the SCC interrupt only on 
end-of-frame. This procedure allows all data to be transferred 
via the DMA. 
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SDLC LOOP MODE 


The SCC supports SDLC Loop mode in addition to normal SDLC. 
In an SDLC Loop, there is a primary controller station that man- 
ages the message traffic flow and any number of secondary 
stations. In SDLC Loop mode, the SCC performs the functions of 
a secondary station while an SCC operating in regular SDLC 
mode can act as a controller (Figure 5). 


CONTROLLER 
SECONDARY #1 


_SECONDARY #2 
SECONDARY #4 ). 
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SECONDARY #3 


Figure 5. An SDLC Loop 





A secondary station in an SDLC Loop is always listening to the 
messages being sent around the loop, and in fact must pass 
these messages to the rest of the loop by retransmitting them 
with a one-bit-time delay. The secondary station can place its 
own message on the loop only at specific times. The controller 
signals that secondary stations may transmit messages by 
sending a special character, called an EOP (End of Poll), 
around the loop. The EOP character is the bit pattern 
11111110. Because of zero insertion during messages, this bit 
pattern is unique and easily recognized. 


When a secondary station has a message to transmit and rec- 
ognizes an EOP on the line, it changes the last binary one of 
the EOP to a zero before transmission. This has the effect of 
turning the EOP into a flag sequence. The secondary station 
now places its message on the loop and terminates the mes- 
sage with an EOP. Any secondary stations further down the 
loop with messages to transmit can then append their mes- 
sages to the message of the first secondary station by the 
same process. Any secondary stations without messages to 
send merely echo the incoming messages and are prohibited 
from placing messages on the Joop (except upon recognizing 
an EOP). 


SDLC Loop mode is a programmable option in the SCC. 
NRZ, NRZI, and .FM coding may all be used in SDLC Loop 
mode. 


BAUD RATE GENERATOR 


Each channel in the SCC contains a programmable Baud- . 
rate generator. Each generator consists of two 8-bit time con- 
stant registers that form a 16-bit time constant, a 16-bit down 
counter, and a flip-flop on the output producing a square wave. 
On startup, the flip-flop on the output is set in a High state, the 
value in the time constant register is loaded into the counter, 
and the counter starts counting down. The output of the. baud 
rate generator toggles upon reaching zero, the value in the 
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time constant register is loaded into the counter, and the pro- 
cess is repeated. The time constant may be changed at any 
time, but the new value does not take effect until the next load 
of the counter. , 


The output of the baud rate generator may be used as either 
the transmit clock, the receive clock, or both. It can also drive 
the digital phase-locked loop (see next section). 


If the receive clock or transmit clock is not programmed to 
come from the TRxC pin, the output of the baud rate generator 
may be echoed out via the TRxC pin. 


The following formula relates the time constant to the baud 
rate. (The baud rate is in bits/second and the BR clock period 
is in seconds.) 


1 


ee 2 (time constant + 2) x (BR clock period) 


Time-Constant Values 
for Standard Baud Rates at BR Clock = 3.9936MHz 


Time Constant 
(decimal! notation) 


Rate 
(Baud) 


0.0007% 
0.0015% 


FM, 

(BIPHASE MARK) 
FMg 

(BIPHASE SPACE) 


MANCHESTER 


DIGITAL PHASE-LOCKED LOOP 


The SCC contains a digital phase-locked-loop (DPLL) to re- 
cover clock information from a data stream with NRZI or FM 
encoding. The DPLL is driven.by a clock that is nominally 32 
(NRZI) or 16 (FM) times the data rate. The DPLL uses this 
clock, along with the data stream, to construct a clock for the 
data. This clock may then be used as the SCC receive clock, 
the transmit clock, or both. 


For NRZI encoding, the DPLL counts the 32X clock to create 
nominal bit times. As the 32X clock is counted, the DPLL is 
searching the incoming data stream for edges (either 1/0 or 
0/1). Whenever an edge is detected, the DPLL makes a count 
adjustment (during the next counting cycle), producing a termi- 
nal count closer to the center of the bit cell. 


For FM encoding, the DPLL still counts from 0 to 31, but with 
a cycle corresponding to two bit times. When the DPLL is 
locked, the clock edges in the data stream should occur be- 
tween counts 15 and 16 and between counts 31 and 0. The 
DPLL looks for edges only during a time centered on the 15/16 
counting transition. 


The 32X clock for the DPLL can be programmed to come 
from either the RTxC input or the output of the baud rate 
generator. The DPLL output may be programmed to be echoed 
out of the SCC via the TRxC pin (if this pin is not being used as 
an input). 


DATA ENCODING 


The SCC may be programmed to encode and decode the serial 
data in four different ways (Figure 6). In NRZ encoding, a 1 is 
represented by a High level and a 0 is represented by a Low 
level. In NRZI encoding, as 1 is represented by no change in 
level and a Ois represented by a change in level. In FM, (more 
properly, bi-phase mark) a transition occurs at the beginning of 
every bit cell. A 1 is represented by an additional transition at the 
center of the bit cell and a 0 is represented by no additional 
transition at the center of the bit cell. In FMg (bi-phase space), a 
transition occurs at the beginning of every bit cell. A 0 is rep- 
resented by an additional transition at the center of the bit cell, 


BIT CELL LEVEL: 


HIGH = 1 
Low =0 


NO CHANGE = 1 
CHANGE = 0 


BIT CENTER TRANSITION: 
TRANSITION = 1 
NO TRANSITION = 0 


NO TRANSITION = 1 
TRANSITION = 0 


HIGH ~~ LOW = 1 
. LOW —~ HIGH = 0 
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Figure 6. Data Encoding Methods 





anda 1 is represented by no additional transition at the center of 
the bit cell. In addition to these four methods, the SCC can be 
used to decode Manchester (bi-phase level) data by using the 
DPLL in the FM mode and programming the receiver for NRZ 
data. Manchester encoding always produces a transition at the 
center of the bit cell. If the transition is 0/1 the bit is a 0. If the 
transition is 1/0 the bit is a 1. 


AUTO ECHO AND LOCAL LOOPBACK 


The SCC is capable of automatically echoing everything it 
receives. This feature is useful mainly in asynchronous modes, 
but works in synchronous and SDLC modes as well. In Auto 
Echo mode, TxD is RxD. Auto Echo mode can be used with 
NRZI or FM encoding with no additional delay, because the 
data stream is not decoded before retransmission. In Auto 
Echo mode, the CTS input is ignored as a transmitter enable 
(although transitions on this input can still cause interrupts if 
programmed to do so). In this mode, the transmitter is actually 
bypassed and the programmer is responsible for disabling 
transmitter interrupts and WAIT/REQUEST on transmit. 


The SCC is also capable of local loopback. In this mode, TxD 
is RxD just as in Auto Echo mode. However, in Local Loopback 
mode, the internal transmit data is tied to the internal receive 
data and RxD is ignored (except to be echoed out via TxD). 
The CTS and DCD inputs are also ignored as transmit and 
receive enables. However, transitions on these inputs can still 
cause interrupts. Local Loopback works in asynchronous, syn- 
chronous and SDLC modes with NRZ, NRZI or FM coding of 
the data stream. 


VO INTERFACE CAPABILITIES 


The SCC offers the choice of Polling, Interrupt (vectored or 
nonvectored), and Block Transfer modes to transfer data, 
status, and contro! information to and from the CPU. The Block 
Transfer mode can be implemented under CPU or DMA con- 
trol. 


POLLING 


All interrupts are disabled. Three status registers in the SCC 
are automatically updated whenever any function is performed. 
For example, end-of-frame in SDLC mode sets a bit in one of 
these status registers. The idea behind polling is for the CPU to 
periodically read a status register until the register contents in- 
dicate the need for data to be transferred. Only one register 
needs to be read; depending on its contents, the CPU either 
writes data, reads data, or continues. Two bits in the register 
indicate the need for data transfer. An alternative is a poll of the 
Interrupt Pending register to determine the source of an inter- 
rupt. The status for both channels resides in one register. 


PERIPHERAL 


IEL ADg—AD7 INT INTACK IEO 


Do—D7 
ADy— AD7 
iNT 
INTACK 





{El ADg—AD7 INT INTACK !EO 


INTERRUPTS 


When a SCC responds to an Interrupt Acknowledge signal 
(INTACK) from the CPU, an interrupt vector may be placed on the 
data bus. This vector is written in WR2 and may be read in RR2A 
or RR2B (Figures 8 and 9). 


To speed interrupt response time, the SCC can modify three bits 
in this vector to indicate status. If the vector is read in Channel A; 
status is never included; if itis read in Channel B, status is always 
included. 


Each of the six sources of interrupts in the SCC (Transmit, 
Receive and External/Status interrupts in both channels) has 
three bits associated with the interrupt source: Interrupt Pending 
(IP), Interrupt Under Service (IUS), and Interrupt Enable (IE). 
Operation of the IE bit is straightforward. If the IE bit is set for a 
given interrupt source, then that source can request interrupts. 
The exception is when the MIE (Master Interrupt Enable) bit in 
WR is reset and no interrupts may be requested. The IE bits are | 
write-only. 


The other two bits are related to the Z-Bus interrupt priority 
chain (Figure 7). As a Z-Bus peripheral, the SCC may re- 
quest an interrupt only when no higher-priority device is re- 
questing one, e.g., when IEI is High. If the device in question 
requests an interrupt, it pulls down INT. The CPU then re- 
sponds with INTACK, and the interrupting device places the 
vector on the A/D bus. 


In the SCC, the IP bit signals a need for interrupt servicing. 
When an IP bit is 1 and the IEI input is High, the INT output is 
pulled Low, requesting an interrupt. In the SCC, if the IE bit is 
not set by enabling interrupts, then the IP for that source can 
never be set. The IP bits are readable in RR3A. 


The IUS bits signal that an interrupt request is being serviced. 
lf an IUS is set, all interrupt sources of lower priority in the 
SCC and external to the SCC are prevented from requesting 
interrupts. The internal interrupt sources are inhibited by the 
state of the internal daisy chain, while lower priority devices are 
inhibited by the IEO output of the SCC being pulled Low and 
propagated to subsequent peripherals. An IUS bit is set during 
an Interrupt Acknowledge cycle if there are no higher priority 
devices requesting interrupts. 


There are three types of interrupts: Transmit, Receive and 
External/Status interrupts. Each interrupt type is enabled under 
program control with Channel A having higher priority than 
Channel B, and with Receiver, Transmit and External/Status 
interrupts prioritized in that order within each channel. When 
the Transmit interrupt is enabled, the CPU is interrupted when 
the transmit buffer becomes empty. (This implies that the 
transmitter must have had a data character written into it so 


PERIPHERAL PERIPHERAL 


IEl ADg—AD7 INT INTACK 
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Figure 7. Z-Bus Interrupt Schedule 
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that it can become empty.) When enabled, the receiver can 
interrupt the CPU in one of three ways: 


@ Interrupt on First Receive Character or Special Receive 
condition. 

@ Interrupt on all Receive Characters or Special Receive 
condition. | 

@ Interrupt on Special Receive condition only. 


Interrupt on First Character or Special Condition and Interrupt 
on Special Condition Only are typically used with the Block 
Transfer mode. A Special Receive Condition is one of the fol- 
lowing: receiver overrun, framing error in Asynchronous mode, 
End-of-Frame in SDLC mode and, optionally, a parity error. 
The Special Receive Condition interrupt is different from an or- 
dinary receive character available interrupt only in the status 
placed in the vector during the Interrupt-Acknowledge cycle. In 
Interrupt on First Receive Character, an interrupt can occur 
from Special Receive conditions any time after the first receive 
character interrupt. 


The main function of the External/Status interrupt is to monitor 
the signal transitions of the CTS, DCD, and SYNC pins; how- 
ever, an External/Status interrupt is also caused by a Transmit 
Underrun condition, or a zero count in the baud rate generator, 
or by the detection of a Break (asynchronous mode), Abort 
(SDLC mode) or EOP (SDLC Loop mode) sequence in the 


PROGRAMMING 


Each channel has fifteen Write registers that are individually 
programmed from the system bus to configure the functional 
personality of each channel. Each channel also has eight Read 
registers from which the system can ‘read Status, Baud rate, or 
Interrupt information. 


The AmZ8030 and AmZ8530 differ in the way the system acces- 
ses these registers: 


In the AmZ8030 all registers are directly addressable from the 
multiplexed Address Data bus. See Figure 10 and Figure 11 for 
timing. The AmZ8030 can operate in either of two modes: when 
bit 0 in Write Register 0 is reset (or after initialization with a 
hardware reset) Address lines AD, through ADs select the re- 
gister to be read from or written into during Data Stroke DS. (This 
is called left shift andis the natural AmZ8000 mode). When bit Oin 
Write Register 0 is set, Address lines AD through ADg select the 
register to be read from or written into. (This is called right shift 
and is more natural for interfacing with other microprocessors.) 


Table 2 describes the register addressing for both modes. 


Channel A/Channel B selectionis made either by ADg or by ADs. 
If Bit Do in WRO is reset (or after hardware reset): 


ADs selects the channel (0 = B, 1 = A) 
(this is called “Select Shift Left Mode”) 


If Bits Dg and Dy in WRO are set, ADg selects the channe! (0 = B, 
1 = A) (this is called “Select Shift Right Mode) 


In the AmZ8530 only the four data registers (Read, Write for 
channels A and B) are directly selected d by a High on the D/C input 
and the appropriate levels on the RD, WR and A/B pins. All other 
registers are addressed indirectly by the content of Write Register 
0 in conjunction with a Low on the D/C input and the appropriate 
levels on the RD, WR and A/B pins. If bit 4 in WWO is 1 and bits 5 
and 6 are 0 then bits 0, 1, 2. address the higher registers 8 through 
15. If bits 4, 5, 6 contain a different code, bits 0, 1, 2 address the 
lower registers 0 through 7 as shown on Table 3. 


data stream. The interrupt caused by the Abort or EOP has a 
special feature allowing the SCC to interrupt when the Abort or 
EOP sequence is detected or terminated. This feature facili- 
tates the proper termination of the current message, correct 
initialization of the next message, and the accurate timing of 
the Abort condition in external logic in SDLC mode. In SDLC 
Loop mode this feature allows secondary stations to recognize 
the wishes of the primary station to regain control of the loop 
during a poll sequence. 


CPU/DMA BLOCK TRANSFER 


The SCC provides a Block Transfer mode to accommodate 
CPU block transfer functions and DMA controllers. The Block 
Transfer mode uses the WAIT/REQUEST output in conjunction 
with the Wait/Request bits in WR1. The WAIT/REQUEST output 
can be defined under software control as a WAIT line in the 
CPU Block Transfer mode or as a BEQUEST. line in the DMA 
Block Transfer mode. 

To a DMA controller, the SCC REQUEST output indicates 
that the SCC is ready to transfer data to or from memory. To 
the CPU, the WAIT line indicates that the SCC is not ready to 
transfer data, thereby requesting that the CPU extend the I/O 
cycle. The DTR/REQUEST line allows full-duplex operation 
under DMA control. 


TABLE 2. REGISTER ADDRESSING (AmZ8030 ONLY) 


Write Read 
Register Register 


0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
{ 
1 
1 
1 
1 
1 


eset" = COO 0O0CO $2424 000 
—~-—- OoO0++-o0e c= 00c0 ~~ =- O 
=-o -—"" O = o-odoaon-f-0+20+-0-— 


Writing to or reading from any register except RRO, WRO and the 
Data Registers thus involves two operations: 


First write the appropriate code into WRO, then follow this by a 
write or read operation on the register thus specified. Bits 0 
through 4 in WWO are automatically cleared after this operation, 
so that WW0.then points to WRO or RRO again. . 


Channel A/Channel B selection is made by the A/B input (High = 
A, Low = B) 


In both AmZ8030 and AmZ8530 the system program firstissues a 
series of commands to initialize the basic mode of operation. This 
is followed by other commands to qualify conditions within the 
selected mode. For example, the asynchronous mode, character 
length, clock rate, number of stop bits, even or odd parity might be 


’ set first. Then the interrupt mode would be set,. and finally, re- 


ceiver or transmitter enable. 
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TABLE 3. —— ADDRESSING (AmZ8530 ONLY) 


D/C “Point High” 
Code in WRO: 


Either way 
Not true 
Not true 
Not true 
Not true 
Not true 
Not true 
Not true 
Not true 
True 
True 
True 
True 
True 
True 
True 
True 


ewer sr 3 OTCOH+4+2+20000 xX 


READ REGISTERS 


The SCC contains eight read registers (actually nine, count- 
ing. the receive buffer (RR8) in each channel). Four of these 
may be read to obtain status information (RRO, RR1, RR10, 
and RR15). Two registers (RR12 and RR13) may be read to 
' learn the baud rate generator time constant. RR2 contains 
either the unmodified interrupt vector (Channel A) or the vector 


Read Register 0 


je [re ]o= [o« [> | | | oI 


Rx Character Available 
Zero Count 

Tx Bufter Empty 

pco 

Syne/Hunt 

cTs 

Tx Underrun/EOM 
Break/Abort 


' 


Read Register 1 


[o> [es [os Jos os [oe [Joo 


All Sent 

Residue Code 2 
Residue Code 1 
Residue Code 0 
Parity Error 

Rx Overrun Error 
CRC/Framing Error 
€nd of Frame (SDLC) 


Write Read 
in wan Register Register 


- Of Of? O+FfF0+0+f0+0+0 


modified by status information (Channe! B). RR3 contains the 
Interrupt Pending (IP) bits (Channel A). Figure 8 shows the for- 
mats for each read register. 


The status bits of RRO and RR1 are carefully grouped to 
simplify status monitoring; e.g., when the interrupt vector indi- 
cates a Special Receive Condition interrupt, all the appropriate 
error bits can be’ read from a single register (RR1). 


Read Register 2 


interrupt Vector* 


*Modified In B Channel 


Read Register 3 


Channel 8 EXT/STAT IP* 
Channel B Tx IP* 
Channel B Rx IP* 
Channel A EXT/STAT IP* 
Channel A Tx Ip* 
Channel A Rx IP* 

0 

0 


“Always 0 in B Channel 


Figure 8. Read Register Bit Functions 
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Read Register 10 ds ' Read Register 13 


[er | m5 [os Jos Jos foe [mJ oo 


0 


0 Upper Byte of 
Loop Sending : : Time Constant 


0 
Two Clocks Missing 
One Clock Missing 


.Read Register 12 Read Register 15 


je [e [os fox fos foe [| oo 


0 
Zero Count IE 
0 


Lower Byte of : DCDIE 
Time Constant Synch/Hunt tE 


CTSIE 
Tx Underrun/EOM SE 
Break/Abort IE 


Figure 8. Read Register Bit Functions (Cont.) 


WRITE REGISTERS shared by the two channels that may be accessed through either 


The SCC contains 15 write registers (16 counting WR8, the of them. WR2 contains the interrupt vector for both channels, 
transmit buffer) in each channel. These write registers are ae while WR9 contains the interrupt control bits. Figure 9 shows the 
grammed separately to configure the functional “personality” of __. format of each write register. 

the channels. In addition, there are two registers (WR2 and vag} 


Write Register 0 (AmZ8030) Write Register 0 (AmZ8530) 


Register 
Oor 
tor 
2or 
3or 
4or 
5 or 


6 or 


_ Tor 








Send Abort 
Enable Int on Next Rx Character [0 [1 | 0 | Reset Ext/Status interrupts 
Reset Tx Int Pending 


Error Reset f1fofo| Enable Int on Next Rx Character 


Reset Highest IUS 


[4 | Reset Rx CRC Checker 


r+ fo | Reset Tx CRC Generator 


11 [1 | Reset Tx Underrun/EOM Latch 





fo [1 | Reset Rx CRC Checker 


| 1/0 | Reset Tx CRC Generator 


| 1 | 1 | Reset Tx Underrun/EOM Latch 
Figure 9. Write Register Bit Functions 


*Channel B only 
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Write Register 1 Write Register 4 


Ext Int Enable : Parity Enable 
Tx Int Enable ; Parity Even/Odd 


Parity is Special Condition 
[ol] o] Sync Modes Enable 
[2 [0 | rx int disabie | 0 | 1 | 1 Stop BivCharacter 
| o [1 | Rx Int on First Character or Special Condition | 0 | 1% Stop Bits/Character 


| 1] 0 | Int on All Rx Characters or Special Condition [1] 4 | 2 Stop Bits/Character 


Rx Int on Special Condition Only 


Wait/DMA Request on Receive/Transmit [ofa] 8 Bit Sync Character 
Wait/DMA Request Function | 0 | 1 | 16 Bit Sync Character 
Wait/DMA Request Enable | 0 | 1 | SDLC Mode (01111110 Flag) 


fa | tt | External Sync Mode 


Write Register 2 | o | 0 | x1 Clock Mode 
© [0 [1 | x16 clock Mode 


} 27 |b J os | | os | be | o% | M0 | | , 2. ese” 
7 
| 1 | X64 Clock Mode 


Interrupt Vector 


Write Register 5 


Write Register 3 - 
Tx CRC Enable 


RTS 
[> |r Jos Jos Jo Joe | | oo SOLE/ono 


Tx Enable 


Rx Enable . Send Break 


Syne Character Load inhibit | 0 | 0 | TxS Bits (or less)/Character 
Address Search Mode (SDLC) | of] 4 | Tx 7 Bits/Character 
Rx CRC Enable | 0 | Tx 6Bits/Character 


Enter Hunt Mode | a | Tx 8 Bits/Character 
Auto Enables 


| o |-0 | RxSBits/Character 
| o [1 | Rx 7 Bits/Character 
| 1 | 0 | Rx 6Bits/Character 
11 [4 | Rx 8 Bits/Character 


Write Register 6 


SYNC, SYNC, Monosync 8 BITS 
SYNC; SYNC, Monosync 8 Bits 
SYNC; SYNC, : Bisync 16 Bits 
SYNC, SYNCy Bisync 12 Bits 
ADRs ADR, SDLC 

ADR, ADR, SDLC (Address 0) 





Figure 9. Write Register Bit Functions (Cont.) 
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Write Register 7 


SYNC, SYNC, SYNC, SYNCyg Monosync 8 BITS 
SYNC) SYNC) 1 1 Monosync 8 Bits 
SYNC 19 SYNCig SYNCg SYNCg _—Bisync 16 Bits 
SYNC, SYNC,  SYNCs SYNC, _Bisync 12 Bits 

1 1 1 i) SDLC 


Write Register 9 . Write Register 11 


ni [ o | 0 | TRx¢ out = xTAt Output 


pLC 4 TRxC Out = Transmit Clock 
TRxC Out = BR Generator Output 


MIE | 1 [0 | 
—= | 1 | 1 | TRXC Out = DPLL Output 


Status High/Status Low 
0 TRxC O/ 


| 0 | 0 | Transmit Clock = ATxC Pin 
| 0 | 1 | Channel Reset B [0 | 4 | transmit Clock = TAXG Pin 


| 1 | 0 | Channel Reset A : ae | 1 | 0 | Transmit Clock = BR Generator Output 
Lt [1 | Force Hardware Reset | 1 | 1 | Transmit Clock = DPLL Output 


| o | o | Receive Clock = RTxC Pin 
| 0 | 1 | Receive Clock = TAXC Pin 


1 | o | Receive Clock = BR Generator Output 
Write Register 10 | 1 | 1 | Receive Clock = DPLL Output 


RTxC XTAL/No XTAL 


Write Register 12 


6 Bit/6 Bit Sync 

Loop Mode 

Abort/Flag on Underrun 
Mark/Flag Idle 

Go Active on Roll 


Lower Byte of 
FM1 (Transition = 1) : = Time Constant 


[4 | 0 | 
Lift | FMO (Transition = 0) 


CRC Preset 1/0 


Write Register 13 


TCg 

TCg 

TCi9 

TC11 | Upper Byte of 
TC32 | Time Constant 
TC13 

TC14 

TCs 


\ 


Figure 9. Write Register Bit Functions (Cont.) 
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Write Register 14 


BR Generator Enable 
BR Generator Source 
DTR/Request Function 
Auto Echo 

Local Loopback 





[1 [1 | 1 | Set nazi Mode 


AmZ8030 TIMING 


The SCC generates internal contro! signals from AS and DS 
that are related to PCLK. Since PCLK has no phase relation- 
ship with AS and DS, the circuitry generating: these internal 
control signals must provide time for metastable conditions to 
disappear. This gives rise to a recovery time related to PCLK. 
The recovery time applies only between bus transactions in- 
volving the SCC to the falling edge of DS in the second 
transaction involving the SCC. This time must be at least 6 
PCLK cycles plus 200 ns. 


READ CYCLE TIMING 


Figure 10 illustrates read cycle timing. The address on ADg — 
AD? and the state of CSg and INTACK are latched by the rising 
edge of AS. R/W must be High to indicate a read cycle. CS; 
must also be High for the read cycle to occur. The data bus 
drivers in the SCC are then enabled while DS is Low. 


WRITE CYCLE TIMING 


Figure 11 illustrates write cycle timing. The address on ADg — 
AD7 and the state if CSg and INTACK are latched by the rising 








, 
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Write Register 15. 


jo [Jos Jos J Joe fo J oo 


0 

Zero Count IE 

0 

DCDIE 

Sync/Hunt IE 
CTSIE 

Tx Underrun/EOM IE 
Break/Abort IE 


Figure 9. Write Register Bit Functions (Cont.) 


edge of AS. R/W must be Low to indicate 2 a write cycle. CS4 
must be High for the write cycle to occur. DS Low strobes the 
data into the SCC. 


INTERRUPT ACKNOWLEDGE CYCLE TIMING 


Figure 12 illustrates interrupt acknowledge cycle timing. The 
address on ADg — AD7 and the state of CSo and INTACK are 
latched by the rising edge of AS. However, if INTACK is Low, 

the address and CS are ignored. The state of R/W and CS, are 
also ignored for the duration of the interrupt acknowledge cycle. 

Between the rising edge of AS and the falling edge of DS, the 
internal and external IEI/IEO daisy chains settle. If there is an 
interrupt pending in the SCC and IEl is High when DS falls, the 
acknowledge cycle was intended for the SCC. In this case, the 
SCC may be programmed to respond to DS Low by placing its 
interrupt vector on ADg — AD7. It then sets the appropriate 
interrupt-under-service latch internally. 





INTACK / : \ 


ADDRESS 


RW / \ 
CS; / \ 


Ds \ / 
00970C-8 


Figure 10. Read Cycle Timing 
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INTACK / : \ ; ; : 
: ADDRESS - DATA 
z ry 


00970C-9 


Figure 11. Write Cycle Timing 


INTACK 


Ds . \ | 
‘ : 00970C-10 


Figure 12. Interrupt Acknowledge Cycle Timing 
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AmZ8530 TIMING 


The SCC generates internal control signals from WR and RD that 
are related to PCLK. Since PCLK has no phase relationship with 
WR and RD, the circuitry generating these internal control signals 
must provide time for metastable conditions to disappear. This 
gives rise to a recovery time related to PCLK. The recovery time 
applies only between bus transactions invloving the SCC. The 
recovery time required for proper operation is specified from the 
rising edge of WR or RD in the first transaction invloving the SCC 
to the falling edge of WR or RD in the second transaction involving 
the SCC. This time must be at least 6 PCLK cycles plus 200ns. 


Read Cycle Timing 


Figure 13 illustrates Read cyle timing. Addresses on A/B and 
D/C and the status on INTACK must remain stable throughout 
the cycle. If CE falls after RD falls or if it rises before RD rises, the 
effective RD is shortened. 


AmZ8030/AmZ8530 


Write Cycle Timing 


Figure 14 illustrates Write cycle timing. Addresses on A/B and 
D/C and the status on INTACK must remain stable throughout the 
cycle. If CE f falls after WR falls or if it rises before WR rises, the 
effective WR is shortened. 


Interrupt Acknowledge Cycle Timing 


Figure 15 illustrates Interrupt Acknowledge cycle timing. Be- 
tween the time INTACK goes Low and the falling edge of RD, the 
internal and external IEI/IEO daisy chains settle. If there is an 
interrupt pending in the SCC and JEI is High when RD falls, the 
Acknowledge cycle is intended for the SCC. Inthis case, the SCC 
may be programmed to respond to RD Low by placing its interrupt 
vector on Dg-D7 and it then sets the appropriate Interrupt- 
Under-Service internally. 


A/B, D/C : ADDRESS VALID 
INTACK / \ 


00970C-11 


Figure 13. Read Cycle Timing 
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AB, D/C : ADDRESS VALID 


_ TNTACK 


DoD DATA VALID _ 


009700-12 


Figure 14. Write Cycle Timing 


Figure 15. Interrupt Acknowledge Cycle Timing 


PIN DESCRIPTIONS FOR AmZ8030 AS: Address Strobe (input, active Low). 


The following section describes the pin functions of the SCC. Addresses on ADg — AD7 are latched by the rising edge of 
Figures 16 and 17 detail the respective pin functions and pin this signal. 

assignments. a : , F 

CSo: Chip Select 0 (input, active Low). 


This signal is latched concurrently with the addresses on ADg — 
GND: Ground AD7 and mustbe active for the intended bus transaction to occur. 
ADo — AD7: Address/Data Bus (bidirectional, active High, CS: Chip Select 1 (input, active High). 


3-state). : This second select signa! must also be active before the intended 
These multiplexed lines carry register addresses to the SCC as bus transaction can occur. CS; must remain active throughout 
well as data or control information to and from the SCC. . the transaction. 


Voc: +5V Power Supply 





9-58 


CTSA, CTSB: Clear to Send (inputs, active Low). 


If these pins are programmed as Auto Enables, a Low on these 
inputs enables their respective transmitter. If not programmed as 
Auto Enables, they may be used as general-purpose inputs. Both 
inputs are Schmitt-trigger buffered to accommodate slow rise- 
time inputs. The SCC detects pulses on these inputs and can 
interrupt the CPU on both logic level transitions. 


DCDA, DCDB: Data Carrier Detect (inputs, active Low). 


These pins function as receiver enables if they are programmed 
for Auto Enables; otherwise they may be used as general- 
purpose input pins. Both pins are Schmitt-trigger buffered to 
accommodate slow rise-time signals. The SCC detects pulses 
on these pins and can interrupt -the CPU on both logic level 
transitions. 


DS: Data Strobe (input, active Low). 


This signa! provides timing for the transfer of data into and out of 
the SCC. If AS and DS coincide, this is interpreted as a reset. 


DTR/REQA, DTR/REGB: Data Terminal Ready/Request 
(outputs, active Low). 

These outputs follow the state programmed into the DTR bit. 
They can also be used as general-purpose outputs or as Request 
Lines for a DMA controller. 


El: Interrupt Enable In (input, active High). 


IEl is used with !EO to form an interrupt daisy chain when there is 
‘more than one interrupt-driven device. A High IEI indicates that 
no other higher priority device has an interrupt under service or is 
requesting an interrupt. 


IEO: Interrupt Enable Out (output, active High). 


IEQ is High only if IElis High and the CPU is not servicing a SCC 
interrupt or the SCC is not requesting an interrupt (interrupt 
acknowledge cycle only). IEO is connected to the next lower 
priority device’s IEI input and thus inhibits interrupts fm lower 
priority devices. 


INT: Interrupt Request (output, open-drain, active Low). 
This signal is activated when the SCC requests an interrupt. 


INTACK: Interrupt Acknowledge (input, active Low). 


This signal indicates an active interrupt acknowledge cycle. Dur- 
ing this cycle, the SCC interrupt daisy chain settles. When DS 
becomes active, the SCC places an interrupt vector on the data 
bus (if IEl is High). INTACK is latched by the rising edge of AS. 


PCLK: Clock (input) 


This is the master SCC clock used to synchronize internal sig- 
nals. PCLK is not required to have any phase relationship with the 
master system clock, although the frequency of this clock must be 
at least 90% of the CPU clock frequency for a Z8000. PCLK is a 
TTL level signal. Maximum transmit rate is 1/4 PCLK. 


RxDA, RxDB: Receive Data (inputs, active High) 
These input signals receive serial data at standard TTL levels. 


RTxCA, TRxCB: Receive/Transmit Clocks 
(inputs, active Low) 


These pins can be programmed in several different modes of 


operation. In each channel, RTxC may supply the receive clock, - 


9-59 


AmZ8030/AmZ8530 


the transmit clock, the clock for the baud-rate generator, or the 
clock of the digital phase-locked loop. These pins can also be 
programmed for use with the respective SYNC pins as a crystal 
oscillator. The receive clock may be 1, 16, 32, or 64 times the data 
rate in asynchronous modes. 


RTSA, RTSB: Request to Send (outputs active Low) 


When the Request to Send RTS bit in Write Register 5 (Figure 6) 
is set, the RTS signal goes Low. When the RTS bit is reset in the 
Asynchronous mode and Auto Enable is on, the signal goes High 
after the transmitter is empty. In Synchronous mode or in Asyn- 
chronous mode with Auto Enable off, the RTS pins strictly follow 
the state of the RTS bit. Both pins can be used as general- 
purpose outputs. 


R/W: Read/Write (input) 


This signal specifies whether the operation to be performed is 
read or a write. 


SYNCA, SYNCB: Synchronization 
(inputs or outputs, active Low) 


These pins can act either as inputs, ouputs, or part of the crystal 
oscillator circuit. 


In the Asynchronous Receive mode (crystal oscillator option not 
selected), these pins are inputs similar to CTS and DCD. In this 
mode, transitions on these lines affect the state of the 
Synchronous/Hunt status bits in Read Register 0 (Figure 5) but 
have no other function. 


In External Synchronization mode with the crystal oscillator not 
selected, these lines also act as inputs. In this mode, SYNC must 
be driven Low two receive clock cycles after the last bit in the 
Synchronous character is received. Character assembly begins 
on the rising edge of the receive clock immediately preceding the. 
activation of SYNC. 


In the Internal Synchronization mode (Monosync and Bisync) 
with the crystal oscillator not selected, these pins act as out-puts 
and are active only during the part of the receive clock cyele in 
which synchronous characters are recognized. The synchronous 
condition is not latched, so these outputs are active each time a 
synchronous pattern is recognized (regardless of character 
boundaries). In SDLC mode, these pins act as outputs and are 
valid on receipt of a flag. 


TxDA, TxDB: Transmit Data (outputs, active High) 


These output signals transmit serial data at standard TTL levels. 


TRxCA, TRxCB: Transmit/Receive Clocks 
(inputs or outputs, active Low) 


These pins can be programmed in several different modes of 
operation. TRxC may supply the receive clock or the transmit 
clock in the input mode or supply the output of the digital phase- 
locked loop, the crystal oscillator, the baud rate generator, or the 
transmit clock in the output mode. 


W/REQA, W/REGB: Wait/Request (outputs, open-drain 
when programmed for a Wait function, driven High or Low 
when programmed for a.Request function) 


These dual-purpose outputs may be programmed as Request 
lines fora DMA controller or as Wait lines to synchronize the CPU 
to the SCC data rate. The reset state is Wait. 








AmZ8030/AmZ8530 


PIN DESCRIPTIONS FOR AmZ8530 


The following section describes the pin functions of the SCC. 
Figures 18 and 19 detail the respective pin functions and pin 
assignments. 


Vec: +5V Power Supply 
GND: Ground 


A/B. Channel A/Channel B Select (input). This signal selects 
the channel in which the read or write operation occurs. 


_ CE. Chip Enable (input, active Low). This signal selects the SCC 
for a read or write operation. 


CTSA, CTSB. Clear To Send (inputs, active Low). If these pins 
are programmed as Auto Enables, a Low on the inputs enables 
the respective transmitters. If not programmed as Auto Enables, 
they may be used as general-purpose inputs. Both inputs are 
Schmitt-trigger buffered to accommodate slow rise-time inputs. 
The SCC detects pulses on these inputs and can interrupt the 
CPU on both logic level transitions. 


b/c. Data/Control Select (input). This signal defines the type of 
information transferred to or from the SCC. A High means data is 
transferred; a Low indicates a command. 


DCDA, DCDB. Data Carrier Detect (inputs, active Low). These 
pins function as receiver enables if they are programmed for Auto 
Enables; otherwise they may be used as general-purpose input 
pins. Both pins are Schmitt-trigger buffered to accomodate slow 
rise time signals. The SCC detects pulses on these pins and 
can interrupt the CPU on both logic level transitions. 


Do-D7. Data Bus (bidirectional, 3-state). These lines carry data 
and commands to and from the SCC. 


DTR/REQA, DTR/REGB. Data Terminal Ready/Request (out- 
puts, active Low). These outputs follow the state programmed 
into the DTR bit. They can also be used as general-purpose 
outputs or as Request lines for a DMA controller. 


IEl. Interrupt Enable In (input, active High). IEl is used with IEO 
to form an interrupt daisy chain when there is more than one 
interrupt-driven device. A High IE! indicates that no other higher 
priority device has an interrupt under service or is requesting 
an interrupt. 


IEO. Interrupt Enable Out (output, active High). 1EO is High only 
if Elis High and the CPU is not servicing an SCC interrupt or the 
SCC is not requesting an interrupt (Interrupt Acknowledge cycle 
only). EO is connected to the next lower priority device’s !EI input 
and thus inhibits interrupts from lower priority devices. 


INT. Interrupt Request (output, open-drain, active Low). This 
signal is activated when the SCC requests an interrupt. 


INTACK. Interrupt Acknowledge (input, active Low). This signal 
indicates an active Interrupt Acknowledge cycle. During this 
cycle, the SCC interrupt daisy chain settles. When RD becomes 
active, the SCC places an interrupt vector on the data bus (if IE! 
is High). INTACK is latched by the rising edge of PCLK. 


PCLK. Clock (input). This is the master SCC clock used to 
synchronize internal signals PCLK is a TTL level signal. 


RD. Read (input, active Low). This signal indicates a read oper- 
ation and when the SCC is selected, enables the SCC’s bus 
drivers. During the Interrupt Acknowledge cycle, this signal gates 
the interrupt vector onto the bus if the SCC is the highest priority 
device requesting an interrupt. 





RxDA, RxDB. Receive Data (inputs, active High). These input 
signals receive serial data at standard TTL levels. 


RTxCA, RTxCB. Receive/Transmit Clocks (inputs, active Low). 
These pins can be programmed in several different modes of 
operation. In each channel, RTxC may supply the receive clock, 
the transmit clock, the clock for the baud rate generator, or the 
clock for the Digital Phase-Locked Loop. These pins can also be 
programmed for use with the respective SYNC pins as a crystal 
oscillator. The receive clock may be 1, 16, 32, or 64 times the data 
rate in Asynchronous modes. 


RTSA. RTSB. Request To Send (outputs active Low). When the 
Request to Send (RTS) bit in Write Register 5 (Figure 6) is set, 
the RATS signal goes Low. When the RTS bit is reset in the 
Asynchronous mode and Auto Enable is on, the signal goes High 
after the transmitter is empty. In Synchronous mode or in Asyn- 
chronous mode with Auto Enable off, the RTS pin strictly follows 
the state of the RTS bit. Both pins can be used as general- 
purpose outputs. 


SYNCA, SYNCB. Synchronization (inputs or outputs, active 
Low). These pins can act either as inputs, outputs, or part of the 
crystal oscillator circuit. In the Asynchronous Receive mode 
(crystal oscillator option not selected), these pins are inputs simi- 
lar to CTS and DCD. In this mode, transitions on these lines affect 
the state of the Synchronous/Hunt status bits in Read Register 0 
(Figure 5) but have no other function. 


In External Synchronization mode with the crystal oscillator not 
selected, these lines also act as inputs. In this mode, SYNC must 
be driven Low two receive clock cycles after the last bit in the 


- synchronous character is received. Character assembly begins 


on the rising edge of the receive clock immediately preceding the 
activation of SYNC. 


In the Internal Synchronization mode (Monosync and Bisync) 
with the crystal oscillator not selected, these pins act as outputs 
and are active only during the part of the receive clock cycle in 
which synchronous characters are recognized. The synchronous 
condition is not latched, so these outputs are active each time a 
synchronization pattern is recognized (regardless of character 
boundaries). In SDLC mode, these pins act as outputs and are 
valid on receipt of a flag. 


TxDA, TxDB. Transmit Data (outputs, active High). These out- 
put signals transmit serial data at standard TTL levels. 


TRxCA, TRxCB. Transmit/Receive Clocks (inputs or outputs, 
active Low). These pins can be programmed in several different 
modes of operation. TRxC may supply the receive clock or the 
transmit clock in the input mode or supply the output of the Digital 
Phase-Locked Loop, the crystal oscillator, the baud rate 
generator, or the transmit clock in the output mode. 


WR. Write (input, active Low). When the SCC is selected, this 
signal indicates a write operation. The coincidence of RD and WR 
is interpreted as a reset. 


W/REQA, W/REGB. Wait/Request (outputs, open-drain when 
programmed for a Wait function, driven High or Low when pro- 

_ gammed for a Request function). These dual-purpose outputs 
may be programmed as Request lines for a DMA controller or as 
Wait lines to synchronize the CPU to the SCC data rate. The reset 
state is Wait. 
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Figure 16. Logic Symbol Figure 17. Connection Diagram 
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°o 


CONTROL CE 


DiC CHANNEL 
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INTERRUPT 
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Dg RxDA DATA 
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RTSA 
CTSA 
DCDA 
PCLK 
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Note: Pin 1 is marked for orientation. 


Figure 18. Logic Symbol Figure 19. Connection Diagram 


ORDERING INFORMATION 


Example 28030 A D CB ; Example DB C B 


Basic Device es L_ Burn-in Basic Device Ee Burn-in 


Speed Temperature Range ~ Speed Temperature Range 

Blank = 4MHz C = Oto +70°C Blank = 4MHz C =0to +70°C 
A = 6MHz | = —40 to +85°C A = 6MHz | = —40 to +85°C 
M = —55 to +125°C M = —55 to +125°C 





Package Type : Package Type 
D = Hermetic DIP D = Hermetic DIP 
P = Molded Plastic P = Molded Plastic 
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MAXIMUM RATINGS beyond which useful life may be impaired 


Storage Temperature -65 to +150°C 





Voltage at any Pin Relative to Vss —0.5 to +7.0V 
Power Dissipation 1.8W 


The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested, nevertheless, that conventional pleceulions be observed during storage, handling and use in order to avoid 
exposure to excessive voltages. 


OPERATING RANGE 
(over which the DC, switching and functional specifications apply) 


Commercial Operating Range Z8030DC Z8030ADC 
Ta = Oto +70°C Z8030PC Z8030APC 
Voc = 5V + 5%. Z8530DC Z8530ADC 

Z8530PC Z8530APC 


Industrial Operating Range Z8030DI 
Ta = —40 to +85°C Z8530DI 
Voc = 5V + 5% 


Military Operating Range Z8030DMB 
Ta = —55 to +125°C Z8530DMB 
Voc = 5V + 10% 








Notes: Ta denotes ambient temperature. 
Add suffix B to indicate burn-in requirement. 


ELECTRICAL CHARACTERISTICS 


Parameter Description Test Conditions Min Typ Max Units 
Standard 


Input HIGH Voltage 
ee ees 





Input LOW Voltage 


Output HIGH Voltage as = —250nA 


Output LOW Voltage lot = +2.0mA 








Input Leakage 0.4 <Vin <= +2.4V 
0.4 <VouT <= +2.4V 








Input Capacitance Unmeasured pins returned 


Output Capacitance to ground. f = 1MHz over 
specified temperature range. 





Bidirectional Capacitance 





Voc = 5V + 5% unless otherwise specified, over specified temperature range. 










Standard Test Conditions 


The characteristics below apply for the following standard test conditions, unless otherwise noted. All voltages are referenced to 
GND. Positive current flows into the referenced pin. Standard conditions are as follows: 


+4,.75V < Voc < +5. 25V 
GND = OV 
0°C < Ta < +70°C Standard Test Load Open Drain Test Load 


+5V 


2.2K 


FROM OUTPUT 2.2K 


UNDER TEST 








FROM OUTPUT 
UNDER TEST 
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GENERAL TIMING 





Parameter Description 


TdPC(REQ) PCLK | to W/REQ Valid Delay 


oO 
oa 
o 


TAPCO 
TERKOPO) 
TERRD RACH 
ThRXD(RXCr) RxD to RxC ft Hold Time (X! Mode) (Note 1) 


7 ThRXD(RXCf) RxD to RxC | Hold Time (X! Mode) (Notes 1, 5) 1 












3TcPC 
+200 


TsSY(RXC) SYNC to RxC } Setup Time (Note 1) 200 
ThSY(RXC) SYNC to AXC } Hold Time (Note 1) ee 
TsTXC(PC) TxC | to PCLK } Setup Time (Notes 2, 4) 
TdTXCK(TXD) | Tx | to TxD Delay (XI Mode) (Note 2) 


00 
30! 


o 
(=) 
oO 


| 12 | Tatxcr(TxD) | TxC t to TxD Delay (XI Mode) (Notes 2, 5) 


oO 


TdTXD(TRX) | TxD to TRxC Delay (Send Clock Echo) 





TwRTXh RTxC High Width 








TwRTXI RTxc Low Width 180 
ToRTX RTxC Cycle Time 400 
250 4000 





50 
TcRTXX Crystal Oscillator Period (Note 3) 250 
TwIRXh TRAxC High Width 180 


TwTRXI TRxC Low Width 


TcTRX TRxC Cycle Time 


TwEXT DCD or CTS Pulse Width 
TwSY SYNC Pulse Width 


= 


8 


o 























Notes: 1. RxC is RTxC or TRxC, whichever is supplying the receive clock. 
2. TxC is TRxC or RTxC, whichever is supplying the transmit clock. 
3. Both RTxC and SYNC have 30pF capacitors to ground connected to them. fleas =, 
4. Parameter applies only if the data rate is one-fourth the PCLK rate. In all other cases, no phase relationship between RxC and PCLK or TxC 
and PCLK is required. 
. Parameter applies only to FM encoding/decoding. : 
. Parameter applies only if RTxC is used directly as Tx or Rx clock. If used as a DPLL or 8R source, specifications are the same as 
PCLK (4MHz). 
*Timings are preliminary and subject to change. 














aon 


9-63 





AmZ8030/AmZ8530 


Figure 20. General Timing 
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SYSTEM TIMING 


Description 


TdRXC(REQ) | RxC t to WIREG Valid Delay (Note 2) | 8 | oe | 
TdRXC(W) RXC ¢ to Wait Inactive Delay (Notes 1, 2) | ose | ote | 


Be 8 12. TcPC 
3 TdRXC(SY) | RxC f to SYNC Valid Delay (Note 2) 4 7 4 7 TcPC 
4 TdRXC(INT) | RxC ¢ to INT Valid Delay (Notes 1, 2) 10 16 10 16 



































TdTXC(REQ) | TxC | to W/REQ Valid Delay (Note 3) 


TxC | to Wait Inactive Delay (Notes 1, 3) eae 5 8 TcPC 
TxC | to DIR/REG Valid Delay (Note 3) ae 4 7 TcPC 
=a 6 
ee 




















TdaTXC(INT) | TxC | to INT Valid Delay (Notes 1, 3) 
TdSY(INT) SYNC Transition to INT Valid Delay (Note 1) 
TAEXTIINT) | DCD or GTS Transition to INT Valid Delay (Note1) | 2 | 6 | 2 | 


Notes: 1. Open-drain output, measured with open-drain test load. . 3. TxC is TRxC or RTXC, whichever is supplying the transmit clock. 
2. RxC is RTxC or TRxC, whichever is supplying the receive clock. *Timings are preliminary and subject to change. 

















Figure 21. System Timing 
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AmZ8030/AmZ8530 
READ AND WRITE TIMING (AmZ8030) 


Description 


0 
DS t to AS | Delay 50 
CS to AS t Setup Time (Note 1) 
CS to AS t Hold Time (Note 1) 
CS, to DS | Setup Time (Note 1) 
CS to DS } Hold Time (Note 1) 
| 8 | TRIA(AS) ~—s|_sINTACK to AS f Hold Time 
| 9 | ‘TsRWA(DS) R/W (Read) to DS | Setup Time 
RIW to DS f Hold Time . 
A/W (Write) to DS | Setup Time 


Valid Access Recovery Time (Note 2) ey 


i 90 
TsA(AS) Address to AS } Setup Time (Note 1) 30 
DS 30 


4MHz- 

















ie) 






















o 
Oo 
BN 
o 


ie] 
ai 


a >| oOo 


Qo 
oa 


0 





p 


100 
55 
50 
100 
55 














250 


6TcPC 
+130 


on 






| 
He | tans) | nates 587 Ho Tine tow) | 
fe thowo8) | wit mio 651 v0 Te +t 
rie | Toston) | 68 to bata ave Doay 
Fao | raoscor) | 08 to Rend Ona nt vd Geay | 
rai | stor) | SF Reed am valioay | 
|}22 | ~Taas(oR) | AS f to Read Data Valid Delay 


Notes: 1. Parameter does not apply to Interrupt Acknowledge transactions. 
2. Parameter applies only between transactions involving the 8030. 





3 
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Figure 22. Read and Write Timing (AmZ8030) 
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AmZ8030/AmZ8530 
INTERRUPT ACKNOWLEDGE TIMING, RESET TIMING, CYCLE TIMING (AmZ8030) 































TdA(DR) Address Required Valid to Read Data Valid Delay 570 420 
TdDS(W) DS | to Wait Valid Delay (Note 4) 240 200 

















TdDS{(REQ) | DS | to W/REQ Not Valid Delay 


; 
28 AS * to INT Valid Delay (Note 4) 
30 DS (Acknowledge) Low Width 390 250 
31 DS | (Acknowledge) to Read Data Valid Delay 
33 IEl to DS t (Acknowledge) Hold Time 
34 IEI to IEO Delay 
: 
"cosa 

9 
E 
z 


Notes: 3. Float delay is defined as the time required for a +0.5V change in the output with a maximum dc load and minimum ac load. 
4. Open-drain output, measured with open-drain test load. 
5. Parameter is system dependent. For any 8030 in the daisy chain, TdAS(DSA) must be greater than the sum of TdAS(IEO) for the highest 
priority -device.in the daisy chain, TsIEI(DSA) for the 8030, and TdlEIf(IEO) for each device separating them in the daisy chain. 
6. Parameter applies only to a 8030 pulling INT Low at the beginning of the Interrupt Acknowledge transaction. 
7. Internal circuitry allows for the reset provided by the Z8 to be recognized as a reset by the 8030. 


pe] 
n 


5TcPC 
+250 


5 


00 





a is) 
Ss) 8 


ii 


= 
n 








+9 
Fi 

20 

20 





i) 
oi 
Oo 


180 


p 
n 


3 
ww 





20 
25) 
5 


= 
Oo 


o}a 






70 1000 








All timing references assume 2.0V for a logic “1” and 0.8V for a logic. 
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Figure 23. Interrupt Acknowledge Timing (AmZ8030) 


INTACK 


Figure 24. Reset Timing (AmZ8030) 


Figure 25. Cycle Timing (AmZ8030) 
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READ AND WRITE TIMING (AmZ8530) : 


eee Parameter Description 
1 PCLK Low Width : 
PCLK High Width : 


PCLK Fall Time 


PCLK Rise Time 
PCLK Cycle Time 


TsA(WR) Address to WR | Setup Time 
ThA(WR) Address to WR t Hold Time 


TsA(RD) Address to RD | Setup Time 
ThA(RD) Address to RD t Hold Time . 


10 TslA(PC) INTACK to PCLK ¢ Setup Time 
TsIAi(WR) INTACK to WR | Setup Time (Note 1) 
2 ThIA(WR) INTACK to WR ¢ Hold Time 


TslAi(RD) INTACK to RD | Setup Time (Note 1) 
ThIA(RD) INTACK to RD f Hold Time 


ThIA(PC) INTACK to PCLK ¢ Hold Time 
TsCEI(WR) CE Low to WR | Setup Time 





= 


0: 


a 
sv 
o 


















70 1000 





















4000 . 165 

















= 
N[ QO} on) &) ow] rp 































100 












17 -| ThCE(WR) CE to WR ¢ Hold Time 
TsCEh(WR) CE High to WR | Setup Time 
19 TsCEK(RD) CE Low to RD | Setup Time (Note 1) 





—THOE(RO) 
TeCENRO) 
| TeRDORA 

ee EC) 
25 TdRD{(DR) RD | to Read Data Valid Delay 


Notes: 1. Parameter does not apply to Interrupt Acknowledge transactions. . 
2. Float delay is defined as the time required for a +0.5V change in the output with a maximum dc load and minimum ac load. 


N 
i=) 








~“ 


~ 
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Figure 26. Read and Write Timing (AmZ8530) 
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AmZ8030/AmZ8530 
INTERRUPT ACKNOWLEDGE TIMING, RESET TIMING, CYCLE TIMING (AmZ8530) 


ee een ey ee 


TdA(DR) Address Required Valid to Read Data Valid Delay 
| 28 | Twwri WR Low Width 


TsDW(WR) Write Data to WR | Setup Time 
ThDW(WR) Write Data to WR + Hold Time 


z 

z 

33 WR | to W/REQ Not Valid Delay: 
RD | to W/REQ Not Valid Delay 


TdWRr(REQ) WR ¢ to DTR/REQ Not Valid Delay 
TdRDr(REQ) RD f to DTR/REQ Not Valid Delay 















































ThIEI(RDA) 
TdIEI(IEO) IEl to IEO Delay Time 








TdPC(IEO) PCLK } to IEO Delay 


RD | to iNT Inactive Delay (Note 4) 
RD ¢ to WR | Delay for No Reset 
WR and RD Coincident Low for Reset 


Valid Access Recovery Time (Note 3) 


Notes: 3. Parameter applies only between transactions involving the SCC. 
4. Open-drain output, measured with open-drain test load. : 
5. Parameter is system dependent. For any SCC in the daisy chain, TdlAi(RD) must be greater than the sum of TdPC(IEO) for the highest priority 
device in the daisy chain, TsIEI(RDA) for the SCC, and TdIEIf(IEO) for each device separating them in the daisy chain. 














*Timings are preliminary and subject to change. 
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Figure 27. Interrupt Acknowledge Timing (AmZ8530) 
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AmZ8031 « AmZ8531 (ASCC 


Asynchronous Serial Communications Controller 


DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION 


e Two 1M.bps full duplex serial channels Asynchronous Serial Communications Controllers are 
Each channel has independent oscillator, generator, dual-channel communications peripherals designed for use 
and PLL for clock recovery, dramatically reducing the with 8- and 16-bit microprocessors. They function as 
need for external components. serial-to-parallel, and parallel-to-serial converter/ 

© Programmable protocols controllers, and contain a variety of new, sophisticated 
NRZ, NRZI, and FM data encoding supported under internal functions, including on-chip baud rate generators, 
program control. digital phase-locked loops and crystal oscillators, to 


dramatically reduce the need for external circuitry. 
© Programmable Asynchronous Modes . 


5 to 8 bit characters with programmable stop bits clock Both channels have facilities for modem control; in cases 
break detect, and error conditions. where these controls aren't needed, they can be used for 


; ; general purpose 1/O. 
@ Z8000* compatible ae ; ; 
The Z8031 interfaces directly to the Z8000 CPU bus | The AmZ8031 is directly compatible with the 28000 and 
and to the Z8000 interrupt structure 8086 CPUs, while the AmZ8531 is designed for non-multi- 
F ; ; lexed buses, and is easily interfaced with most other 
e@ Compatible with non-multiplexed bus. P : oes 
The Z8531 interfaces easily to most other CPUs. CPUs such as 8080, 280, 6800, 68000 and Multibus. 
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Figure 1. 


*Z8000 is a trademark of Zilog. **Multibus is a trademark of Intel. 03818B-MMP 
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28031 Connection Diagram 
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Note: Pin 1 is marked for orientation. 


Z8531 Connection Diagram 
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Note: Pin 1 is marked for orientation. 
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ARCHITECTURE 


The ASCC internal structure includes two full-duplex channels, 
two baud rate generators, internal contro! and interrupt logic, 
and a bus interface to the Z8000 CPU (AmZ8031) or to a 
non-multiplexed CPU bus (AmZ8531). Associated with each 
channel are a number of read and write registers for mode 
control and status information, as well as logic necessary to 
interface to modems or other external devices (Figure 1). 


The logic for both channels provides formats, synchronization, 
and validation for data transferred to and from the channel 
interface. The modem control inputs are monitored by the con- 
trol logic under program control. All of the modem control sig- 
nals are general-purpose in nature and can optionally be used 
for functions other than modem control. 


The register set for each channel includes ten control (write) 
registers, two synchronous character (write) registers, and four 
status (read) registers. In addition, each baud rate generator 
has two (read/write) registers for holding the time constant that 
determines the baud rate. Finally, associated with the interrupt 
logic is a write register for the interrupt vector accessible 
through either channel, a write-only Master Interrupt Control 
register and three read registers: one containing the vector 
with status information (Channel B only), one containing the 
vector without status (A only), and one containing the Interrupt 
Pending bits (A only). 


The registers for each channel are designated as follows: 
WRO-WR15 — Write Registers 0 through 15. 
RRO-RR3, RR10, RR12, RR13, RR15 — Read Registers 0 
through 3, 10, 12, 13, 15. 


The following table lists the functions assigned to each read or 
write register. The ASCC contains only one WR2 and WR9, but 
they can be accessed by either channel. All other registers are 
paired (one for each channel). 


DATA PATH 


The transmit and receive data path illustrated in Figure 2 is 
identical for both channels. The receiver has three 8-bit buffer 
registers in a FIFO arrangement, in addition to the 8-bit receive 
shift register. This scheme creates additional time for the CPU 
to service an interrupt at the beginning of a block of high-speed 
data. Incoming data is routed through one of several paths 
(data or CRC) depending on the selected mode (the character 
length in asynchronous modes also determines the data path). 


The transmitter has an 8-bit transmit data buffer register 
loaded from the internal data bus and an 11-bit transmit shift 
register that can be loaded from the transmit data register. De- 
pending on the operational mode, outgoing data is routed 
through one of four main paths before it is transmitted from the 
Transmit Data output (TxD). 





TABLE 1. READ AND WRITE REGISTER FUNCTIONS 


READ REGISTER FUNCTIONS 


RRO Transmit/Receive buffer status and External status 
RR1 Special Receive Condition status 


RR2 Modified interrupt vector 
(Channel B only) | 
Unmodified interrupt vector 
(Channel A only) 


RR3__sInterrupt Pending bits 
(Channel A only) 


RRS Receive buffer 


RR10 Miscellaneous status - 

RR12_ ~—Lower byte of baud rate generator time constant 
RR13 Upper byte of baud rate generator time constant 
RR15 


External/Status interrupt information 


WRITE REGISTER FUNCTIONS 

WRO CRC initialize, initialization commands for the various 
modes, shift right/shift left command 

WR1 Transmit/Receive interrupt and data transfer mode 
definition 

WR2 Interrupt vector (accessed through either channel) 

WR3 Receive parameters and control 


WR4___siTransmit/Receive miscellaneous parameters and 
modes 


WRS5 Transmit parameters and controls 
WR6 = Sync characters or SDLC address field 
WR7 = Sync character or SDLC flag 

WR8 Transmit buffer 


WR9 = Master interrupt control and reset (accessed through 
either channel!) 


WR10_—— Miscellaneous transmitter/receiver control bits 
WR11_— Clock mode control 

WR12_—_Lower byte of baud rate generator time constant 
WR13 Upper byte of baud rate generator time constant 
WR14 Miscellaneous control bits 

WR15_ External/Status interrupt contro! 
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Figure 2. Data Path 
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FUNCTIONAL DESCRIPTION 


The functional capabilities of the SCC can be described from 
two different points of view: as a data communications device, 
it transmits and receives data in a wide variety of data com- 
munications protocols; as a microprocessor peripheral, it inter- 
acts with the CPU and provides vectored interrupts and hand- 
shaking signals. 


DATA COMMUNICATIONS CAPABILITIES 


The ASCC provides two independent full-duplex channels pro- 
grammable for use in any common asynchronous data- 
communication protocol. Figure 3 and the following description 
briefly detail this protocol. 


Asynchronous Modes 


Transmission and reception can be accomplished indepen- 
dently on each channel with five to eight bits per character, 
plus optional even or odd parity. The transmitters can supply 
one, one-and-a-half or two stop bits per character and can pro- 
vide a break output at any time. The receiver break-detection 
logic interrupts the CPU both at the start and at the end of a 
received break. Reception is protected from spikes by a trans- 
ient spike-rejection mechanism that checks the signal one-half 
abit time after a Low level is detected on the receive data input 
(RxDA or RxDB in Figure 14). If the Low does not persist (as in 
the case of a transient), the character assembly process does 
not start. 


Framing errors and overrun errors are detected and buffered 
together with the partial character on which they occur. Vec- 


tored interrupts allow fast servicing or error conditions using - 


dedicated routines. Furthermore, a built-in checking process 
avoids the interpretation of framing error as a new start bit: a 
framing error results in the addition of one-half a bit time to the 
point at which the search for the next start bit begins. 


The ASCC does not require symmetric transmit and receive 
clock signals — a feature allowing use of the wide variety of 
clock sources. The transmitter and receiver can handle data at 
arate of 1, 1/16, 1/32, or 1/64 of the clock rate supplied to the 
receive and transmit clock inputs. 


BAUD RATE GENERATOR 


Each channel in the ASCC contains a programmable baud rate 
_ generator. Each generator consists of two 8-bit time constant 
registers that form a 16-bit time constant, a 16-bit down 
counter, and a flip-flop on the output producing a square wave. 
On startup, the flip-flop on the output is set in a High state, the 
value in the.time constant register is loaded into the counter, 
and the counter starts counting down. The output of the baud 
rate generator toggles upon reaching zero, the value in the 


time constant register is loaded into the counter, and the pro- _ 


cess is repeated. The time constant may be changed at any 
time, but the new value does not take effect until the next load 
of the counter. 


The output of the baud rate generator may be used as either 


MARKING LINE 


ASYNCHRONOUS 





the transmit clock, the receive clock, or both. It can also drive © 
the digital phase-locked loop (see next section). 


If the receive clock or transmit clock is not programmed to 
come from the TRxC pin, the output of the baud rate generator 
may be echoed out via the TRxC pin. 


The following formula relates the time constant to the baud 
rate. (The baud rate is in bits/second and the BR clock period 
is in seconds.) 

1 


baud rate = A 
2 (time constant + 2) x (BR clock period) 


Time-Constant Values 
for Standard Baud Rates at BR Clock = 3.9936MHz 


Rate 
Baud) 


Time Constant 
(decimal notation) 


0.0007% 
0.0015% 


DIGITAL PHASE-LOCKED LOOP 


The ASCC contains a digital phase-locked loop (DPLL) to re- 
cover clock information from a data stream with NRZ! or FM 
encoding. The DPLL is driven by a clock that is nominally 32 
(NRZI) or 16 (FM) times the data rate. The DPLL uses this 
clock, along with the data stream, to construct a clock for the 
data. This clock may then be used as the ASCC receive clock, 
the transmit clock, or both. ; 


For NRZI encoding, the DPLL counts the 32X clock to create 
nominal bit times. As the 32X clock is counted, the DPLL is 
searching the incoming data stream for edges (either 1/0 or 
0/1). Whenever an edge is detected, the DPLL makes a count 
adjustment (during the next counting cycle), producing a termi- 
nal count closer to the center of the bit cell. 


For FM encoding, the DPLL still counts from 0 to 31, but with 
a cycle corresponding to two bit times. When the DPLL is 
locked, the clock edges in the data stream should occur be- 
tween counts 15 and 16 and between counts 31 and 0. The 
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DPLL looks for edges only during a time centered on the 15/16 
counting transition. 


The 32X clock for the DPLL can be programmed to come from 
either the RTxC input or the output of the baud rate generator. 
The DPLL output may be programmed to be echoed out of the 
ASCC via the TRxC pin (if this pin is not being used as an 
input). 


DATA ENCODING 


The ASCC may be programmed to encode and decode the 
serial data in four different ways. In NRZ encoding, a 1 is rep- 
resented by a High level and a 0 is represented by a Low level. 
In NRZI encoding, a 1 is represented by no change in level and 
a 0 is represented by a change in level. In FM, (more properly, 
bi-phase mark) a transition occurs at the beginning of every bit 
cell. A 1 is représented by an additional transition at the center 
of the bit cell and a 0 is represented by no additional transition 
at the center of the bit cell. In FMg (bi-phase space), a transi- 
tion occurs at the beginning of every bit cell. A 0 is represented 
by an additional transition at the center of the bit cell, and a 1 is 
represented by no additional transition at the center of the bit 
cell. In addition to these four methods, the ASCC can be used 
to decode Manchester (bi-phase level) data by using the DPLL 
in the FM mode and programming the receiver for NRZ data. 
Manchester encoding always produces a transition at the 
center of the bit cell. If the transition is 0/1 the bit is a 0. If the 
transition is 1/0 the bitis a 1. 


AUTO ECHO AND LOCAL LOOPBACK 


The ASCC is capable of automatically echoing everything it re- 
ceives. This feature is useful mainly in asynchronous modes, 
but works in synchronous and SDLC modes as well. In Auto 
Echo mode, TxD is RxD. Auto Echo mode can be used with 
NRZI or FM encoding with no additional delay, because the 
data stream is not decoded before retransmission. In Auto 
Echo mode, the CTS input is ignored as a transmitter enable 
(although transitions on this input can still cause interrupts if 
programmed to do so). In this mode, the transmitter is actually 
bypassed and the programmer is responsible for disabling 
transmitter interrupts and WAIT/REQUEST on transmit. 


The ASCC is also capable of local loopback. In this mode, TxD 


FM, 
(BIPHASE MARK) 


FMo 
(BIPHASE SPACE) 


MANCHESTER 
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is RxD just as in Auto Echo mode. However, in Local Loopback 
mode, the internal transmit data is tied to the internal receive 
data and RxD is ignored (except to be echoed out via TxD). 
The CTS and DCD inputs are also ignored as transmit and 
receive enables. However, transitions on these inputs can still 
cause interrupts. Local Loopback works with NRZ, NRZI or FM 
coding of the data stream. — 


1/0 INTERFACE CAPABILITIES 


The ASCC offers the choice of Polling, Interrupt (vectored or 
nonvectored), and Block Transfer modes to transfer data, 
status, and control information to and from the CPU. The Block 
Transfer mode can be implemented under CPU or DMA 
control. 


POLLING 


All interrupts are disabled. Three status registers in the ASCC 
are automatically updated whenever any function is performed. 
The idea behind polling is for the CPU to periodically read a 
status register until the register contents indicate the need for 
data to be transferred. Only one register needs to be read; de- 
pending on its contents, the CPU either writes data, reads data, 
or continues. Two bits in the register indicate the need for data 
transfer. An alternative is a poll of the Interrupt Pending register 
to determine the source of an interrupt. The status for both 
channels resides in one register. 


INTERRUPTS 


When an ASCC responds to an Interrupt Acknowledge signal 
(INTACK) from the CPU, an interrupt vector may be placed on 
the data bus. This vector is written in WR2 and may be read in 
RR2A or RR2B (Figures 6 and 7). 


To speed interrupt response time, the ASCC can modify three 
bits in this vector to. indicate status. If the vector is read in 
Channel A, status is never included; if it is read in Channel B, 
status is always included. 


Each of the six sources of interrupts in the ASCC (Transmit, 
Receive and External/Status interrupts in both channels) has 
three bits associated with the interrupt source: Interrupt Pend- 
ing (IP), Interrupt Under Service (IUS), and Interrupt Enable 
(IE). Operation of the IE bit is straightforward. If the IE bit is set 


BIT CELL LEVEL: 


HIGH = 1 
LOW = 0 


NO CHANGE = 1 
CHANGE = 0 


BIT CENTER TRANSITION: 
TRANSITION = 1 
NO TRANSITION = 0 


NO TRANSITION = 1 
TRANSITION = 0 


HIGH ~~ LOW =1 
LOW -~ HIGH =0 
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Figure 4. Data Encoding Methods 
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for a given interrupt source, then that source can request inter- 
rupts. The exception is when the MIE (Master Interrupt Enable) 
bit in WR9 is reset and no interrupts may be requested. The IE 
bits are write-only. 


The other two bits are related to the Z-Bus interrupt priority 
chain (Figure 5). As a Z-Bus peripheral, the ASCC may request 
an interrupt only when no higher-priority device is requesting 
one, e.g., when IEI is High. If the device in question 
requests an interrupt, it pulls down INT. The CPU then re- 
sponds with INTACK, and the interrupting device places the 
vector on the A/D bus. , 


In the ASCC, the IP bit signals a need for interrupt servicing. 
When an IP bit is 1 and the IE! input is High, the INT output is 
pulled Low, requesting an interrupt. In the ASCC, if the IE bit is 
not set by enabling interrupts, then the IP for that source can 
never be set. The IP bits are readable in RR3A. 


The IUS bits signal that an interrupt request is being serviced. 
If an IUS is set, all interrupt sources of lower priority in the 
ASCC and external to the ASCC are prevented from requesting 
interrupts. The internal interrupt sources are inhibited by the 
state of the internal daisy chain, while lower priority devices are 


inhibited by the IEO output of the ASCC being pulled Low and: 


propagated to subsequent peripherals. An IUS bit is set during 
an Interrupt Acknowledge cycle if there are no higher priority 
devices requesting interrupts. 


There are three types of interrupts: Transmit, Receive and 
External/Status interrupts. Each interrupt type is enabled under 
program control with Channel A having higher priority than 
Channel B, and with Receiver, Transmit and, External/Status 
interrupts prioritized in that order within each channel. When 
the Transmit interrupt is enabled, the CPU is interrupted when 
_ the transmit buffer becomes empty. (This implies that the 
transmitter must have had a data character written into it so 
that it can become empty.) When enabled, the receiver can 
interrupt the CPU in one of three ways: 


PERIPHERAL 


IE) ADgo—AD7 INT INTACK 1EO 


1El ADg—AD7 INT INTACK IEO 





e Interrupt on First Receive Character or Special Receive 
condition. 

e Interrupt on all Receive Characters or Special Receive 
condition. 

@ Interrupt on Special Receive condition only. 


Interrupt on First Character or Special Condition and Interrupt 
on Special Condition Only are typically used with the Block 
Transfer mode. A Special Receive Condition is one of the fol- 
lowing: receiver overrun, framing error in asynchronous mode 
and, optionally, a parity error. The Special Receive Condition 
interrupt is different from an ordinary receive character availa- 
ble interrupt only in the status placed in the vector during the 
Interrupt-Acknowledge cycle. !n Interrupt on First Receive 
Character, an interrupt can occur from Special Receive condi- 
tions any time after the first receive character interrupt. 


The main function of the External/Status interrupt is to monitor 
the signal transitions of the CTS, DCD, and Rl pins; however, 
an External/Status interrupt is also caused by a Transmit 
Underrun condition, or a zefo count in the baud rate generator, 
or by the detection of a Break (asynchronous mode). 


CPU/DMA BLOCK TRANSFER 


The ASCC provides a Block Transfer mode to accommodate 
CPU block transfer functions and DMA controllers. The Block 
Transfer mode uses the WAIT/REQUEST output in conjunction 
with the Wait/Request bits in WR1. The WAIT/REQUEST out- 
put can be defined under software control as a WAIT line in the 
‘CPU Block Transfer mode or as a REQUEST line in the DMA 
Block Transfer mode. 


To a DMA controller, the ASCC REQUEST output indicates 
that the ASCC is ready to transfer data to or from memory. To 
the CPU, the WAIT line indicates that the ASCC is not ready to 
transfer data, thereby requesting that the CPU extend the 1/O 
cycle. The DTR/REQUEST line allows full-duplex operation 
under DMA control. 


PERIPHERAL PERIPHERAL 


IE] ADg—ADz iNT iNTACK 
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Figure 5. Z-Bus Interrupt Schedule 


PROGRAMMING (AmZ8031) 


The AmZ8031 contains 11 write registers in each channel that 


are programmed by the system separately to configure the 


functional personality of the channels. 


All of the registers in the AmZ8031 are directly addressable. 
How the AmZ8031 decodes the address placed on the 
address/data bus at the beginning of a Read or Write cycle is 
controlled by a command issued in WROB. In the shift right 
mode, the channel! select A/B is taken from ADo and the state 
of ADs is ignored. In the shift left mode, A/B is taken from ADs 


_ and the state of ADo is ignored. AD7 and ADg are always ig- 


nored as address bits and the register address itself occupies 
AD4— AD}. ; 


The system program first issues a series of commands to in- 
itialize the basic mode of operation. For example, the character 
length, clock rate, number of stop bits, even or odd parity might 
be set first. Then the interrupt mode would be set, and finally, 


‘ receiver. or transmitter enable. 
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PROGRAMMING (AmZ8531) 


The AmZ8531, register addressing is direct for the data regis- 
ters only, which are selected by a High on the D/C pin. In all 
other cases (with the exception of WRO and RRO), program- 
ming the write registers requires two write operations and 
reading the read registers requires both a write and a read op- 
eration. The first write is to WRO and contains three bits that 
point to the selected register. The second write is the actual 
control word for the selected register, and if the second opera- 
tion is read, the selected read register is accessed. All of the 
registers in the AmZ8531, including the data registers, may be 
accessed in this fashion. The pointer bits are automatically 
cleared after the read or write operation so that WRO (or RRO) 
is addressed again. 


The system program first issues a series of commands to in- 
itialize the basic mode of operation. For example, the character 
length, clock rate, number of stop bits, even or odd parity might 
be set first. Then the interrupt mode would be set, and finally, 
receiver or transmitter enable. . 


Read Register 0 


ies [ee [ee [eee ie | oe) 


Rx Character Available 


Zero Count 
Tx Buffer Empty 
DCD 
Ring Indicator 
CTS 
1 
Break 
Read Register 1 
jor fo Jos Jee [os foe [os [oe 
All Sent 


1 

1 

0 

Parity Error 

Rx Overrun Error 
Framing Error 

0 


Read Register 2 


Interrupt Vector* 





*Modified In B Channel 
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READ REGISTERS 


The ASCC contains 8 read registers (actually 9, counting the 
receive buffer (RR8) in each channel). Four of these may be 
read to obtain status information (RRO, RR1,RR10 and RR15). 
Two registers (RR12 and RR13) may be read to learn the baud 
rate generator time constant. RR2 contains either the urmod- 
ified interrupt vector (Channel A) or the vector modified by 
status information (Channel B). RR3 contains the Interrupt 
Pending (IP) bits (Channel A). Figure 6 shows the formats for 
each read register. 


The status bits of RRO and RR1 are carefully grouped to 
simplify status monitoring; e.g., when the interrupt vector indi-. 
cates a Special Receive Condition interrupt, all the appropriate 
error bits can be read from a single register (RR1). 





Read Register 3 


Channel B EXT/STAT IP* 
Channel B Tx IP* 
Channel B Rx IP* 
Channel A EXT/STAT IP* 
Channel A Tx IP* 
Channel A Rx IP* 

0 

0 


‘Always 0 in B Channel 


Read Register 10 


oo ccc eo 


Two Clocks Missing 
One Clock Missing 


Read Register 12 


TC 
TC 
TC2 
TC3 Lower Byte of 
TC4 { Time Constant 
TCs 
TC, 
TC7 


Figure 6. Read Register Bit Functions 


9-81 





AmZ8031/AmZ8531 





Read Register 13 


Upper Byte of 
Time Constant 


Read Register 15 


Fea Es 


0 

Zero Count IE 
0 

DCDIE 

Ri IE 

CTSIE 

1 

Break JE 


Figure 6. Read Register Bit Functions (Cont.) 


WRITE REGISTERS 


The ASCC contains 11 write registers (12 counting WR8, the 
. transmit buffer) in each channel. These write registers are pro- 
grammed separately to configure the functional “personality” of 
the channels. In addition, there are two registers (WR2 and 


Write Register 0 (AmZ8031) 


| 1 | 0 | Select Shift Lett Mode* 
| + | 1 } Select Shift Right Mode’ 


Null Code 

Null Code 

Reset Ext/Status Interrupts 

Null Code 

Enable Int on Next Rx Character 
Reset Tx Int Pending 

Error Reset 

Reset Highest [US 


() 
“Channel B only 


Write Register 0 (AmZ8531) 


Register 
0 or 
tor 
2or 
3 or 
4or 
Sor 


6or 


Null Code 


Enable Int on Next Rx Character 


| 1 | 4 | 1 | Reset Highest tus 


WR39) shared by the two channels that may be accessed 
through either of them. WR2 contains the interrupt vector for 
both channels, while WR9 contains the interrupt control bits. 
Figure 7 shows the format of each write register. 


Write Register 1 


Ext Int Enable 
Tx Int Enable 
Parity is Special Condition 


| o | o | Rx Int Disable 


| 0 | 1 | Rxinton First Character or Special Condition 
| 1 | © | Inton All Rx Characters or Special Condition 
| 1 | 1 | Ax Inton Speciat Condition Only 


Wait/DMA Request on Receive/Transmit 
Wait/DMA Request Function 
Wait/DMA Request Enable 


Write Register 2 


interrupt Vector 


Write Register 3 


Rx Enable 


Auto Enables 


8 Rx 5 Bits/Character 


Rx 7 Bits/Character 


Suan Rx 6 Bits/Character 
Pat | Rx 8 Bits/Character 


Figure 7. Write Register Bit Functions 
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Write Register 4 


Ler fo]e fo [o] ef |e] 







Parity Enable 
Parity Even/Odd 


[o] oo] Do Not Program 
—— 1 Stop Bit/Character 
Lito | 







1% Stop Bits/Character 


11 | 1 | 2 Stop Bits/Character 







| 0 | 0 | X1 Clock Mode 
| 0 | 4 | X16 Clock Mode 
| 1 | 0 | X32 Clock Mode 
| 1 | 1 | x64 Clock Mode 


Write Register 5 


jor [me [os [oe | mJ me Jo | 0 

















t) 
RTS 
0 
Tx Enable 
Send Break 
| 0 | 0 | Tx5Bits (or less)/Character 
| o [1 | Tx 7 Bits/Character 
| 1 [0 | Tx 6 Bits/Character 
ERE Tx 8 Bits/Character 
DTR 
Write Register 9 
jt [ee Jos [me | ms] oe fs | 
VIS 
NV 
DLC 
MIE 
Status High/Status Low 
to) 
| 0 | o | No Reset 
— Channel Reset B 
11 [0 | Channel Reset A 
ft [1 | Force Hardware Reset 
Write Register 10 
a a ea 
0 
0 
a 
0 
0 
| 1 | 0 | FM1 (Transition = 1) 
[1 | 1 | FMO (Transition = 0) 
0 
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Write Register 11 









| o | 0 | TAxC Out = XTAL Output 
| o [1 | TRxC Out = Transmit Clock 


| 1 | o | TRxC Out = BR Generator Output 


| 1 | 1 | TRxC Out = DPLt Output 


TRxC O/l 


[0 | 0 | Transmit Clock = ATxC Pin 
| 0 | 4 | Transmit Clock = TRxC Pin 
| 1 [o | Transmit Clock = BR Generator Output 


Transmit Clock = DPLL Output 
[oo] o | Receive Clock = RTxC Pin 


| o [3 | Receive Clock = TRxC Pin 


| 1 | o | Receive Clock = BR Generator Output 


| 1 | 1 | Receive Clock = DPLL Output 






ATxC XTAL/No XTAL 


Write Register 12 


fo fo [os [> [oo | oo) 





TCo 
TC, 
TCo 
TC3 | Lower Byte of 
TCq { Time Constant 
TCs 
TCs 
TC7 


Write Register 13 : 


TCg 

TCg 

TCi0 

Ter Upper Byte of 
TCy2 | Time Constant 
TCy3 

TC14 

TC15 


Write Register 14 


BR Generator Enable 
BR Generator Source 
DTR/Request Function 
Auto Echo 

Local Loopback 


Null Command 
Enter Search Mode 

Reset Missing Clock 

Disable OPLL 

Set Source = BR Generator 

Set Source = ATxC 

Set FM Mode 

Set NRZI Mode . 


Figure 7. Write Register Bit Functions (Cont.) 
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Write Register 15° 


eee [ef Pe [ef 


0 

Zero Count t& 
0 

OCD IE 

RIE 

CTS IE 

1 

Break IE 


Figure 7. Write Register Bit Functions (Cont.) 


AmzZ8031 TIMING 


The ASCC generates internal control signals from AS and DS 
that are related to PCLK. Since PCLK has no phase relation- 
ship With AS and DS, the circuitry generating these internal 
contro! signals must provide time for metastable conditions to 
disappear. This gives rise to a recovery time related to PCLK. 
The recovery time applies only between bus transactions in- 
volving the ASCC to the falling edge of DS in the second trans- 
action involving the ASCC. This time must be at least 6 PCLK 
cycles plus 200ns. 


READ CYCLE TIMING 


Figure 8 illustrates read cycle timing. The address on 
ADo~AD7 and the state of CSo and INTACK are latched by 
the rising edge of AS. R/W must be High to indicate a read 
cycle. CS; must also be High for the read cycle to occur. The 
data bus drivers in the ASCC are then enabled while DS 
is Low. 


WRITE CYCLE TIMING 


Figure 9 illustrates write cycle timing. The address on 
ADg-AD7 and the state of CSg and INTACK are latched by 


the rising edge of AS. R/W must be Low to indicate a write 
cycle. CS; must be High for the write cycle to occur. DS Low 
strobes the data into the ASCC. 


INTERRUPT ACKNOWLEDGE CYCLE TIMING 


Figure 10 illustrates interrupt acknowledge cycle timing. The 
address on ADg—AD7 and the state of CSg and INTACK are 
latched by the rising edge of AS. However, if INTACK is Low, 
the addess and CSo are ignored. The state of R/W and CS 
are also ignored for the duration of the interrupt acknowledge 
cycle. Between the rising edge of AS and the falling edge of 
DS, the internal and external IEI/IEO daisy chains settle. If 
there is an interrupt pending in the ASCC and IEI is High when 
DS falls, the acknowledge cycle was intended for the ASCC. In 
this case, the ASCC may be programmed to respond to DS 
Low by placing its interrupt vector on ADg—AD7z. It then sets 
the appropriate interrupt-under-service latch internally. 





INTACK / \ ; 


* AD7—ADo 


ADDRESS 


03818B-10 


Figure 8. Z8031 Read Cycle Timing 


AmZ8031/AmZ8531 


INTACK / \ 


INTACK \ / 


03818B-12 


Figure 10. 28031 Interrupt Acknowledge Cycle Timing 


AmZ8531 TIMING 


The ASCC generates internal control signals from WR and RD 
that are related to PCLK. Since PCLK has no phase relation- 
ship with WR and RD, the circuitry generating these internal 
control signals must provide time for metastable conditions to 
disappear. This gives rise to a recovery time related to PCLK. 
The recovery time applies only between bus transactions in- 
volving the ASCC. The recovery time required for proper oper- 
ation is specified from the rising edge of WR or RD in the first 
transaction involving the ASCC to the falling edge of WR or RD 
in the second transaction involving the ASCC. This time must 
be at least 6 PCLK cycles plus 200ns. 


READ CYCLE TIMING 


Figure 11 illustrates read cycle timing. Addresses on A/B and 
D/C and the Status on INTACK K must remain stable throughout 
the cycle. If CE falls after RD falls or if it rises before RD rises, 


the effective RD is shortened. 


WRITE CYCLE TIMING 


Figure 12 illustrates write cycle timing. Addresses on A/B and 
D/C and the status on INTACK must remain stable throughout 
the cycle. If CE t falls after WR falls or if it rises before WR rises, 
the effective WR is shortened. 


INTERRUPT ACKNOWLEDGE CYCLE TIMING 


Figure 13 illustrates interrupt acknowledge cycle timing. Be- 
tween the time INTACK goes Low and the falling edge of RD, 
the internal and external IEI/IEO daisy chains settle. If there is 
an interrupt pending in the ASCC and IEI is High when RD 
falls, the acknowledge cycle is intended for the ASCC. In this 
case, the ASCC may be programmed to respond to RD Low by 
placing its interrupt vector on Dg—D7 it then sets the appro- 
priate interrupt-under-service latch internally. 
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A/B, D/C ADDRESS VALID 


INTACK 


Ue 


03818B-13 


Figure 11. Z8531 Read Cycle Timing. 


A/B, D/C ; ; ADDRESS VALID 


INTACK 


CE 


DATA VALID 


eg 
es So a 


03818B-14 


Figure 12. Z8531 Write Cycle Timing 


INTACK \ , / 
® a er ey care 
Dy-D, _—_—— Cer mao VECTOR 


03818B-15 


Figure 13. 28531 Interrupt Acknowledge Cycle Timing 
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PIN DESCRIPTION FOR AmZ8031 


The following section describes the pin functions of the ASCC. 
Figures 14 and 15 detail the respective pin functions and pin 
assignments. 


Vec: +5V Power Supply 
GND: Ground 


ADo — AD7: Address/Data Bus (bidirectional, 

active High, three-state). 

These multiplexed lines carry register addresses to the ASCC 
as well as data or control information to and from the ASCC. 


AS: Address Strobe (input, active Low). 
Addresses on ADg— AD7 are latched by the rising edge of this 
signal. 


CSo: Chip Select 0 (input, active Low). 

This signal is latched concurrently with the addresses on 
ADg-—AD7 and must be active for the intended bus transaction 
to occur. 


CS: Chip Select 1 (input, active High). 

This second select signal must also be active before the in- 
tended bus transaction can occur. CS; must remain active 
throughout the transaction. 


CTSA, CTSB: Clear to Send (inputs, active Low). 

lf these pins are programmed as Auto Enables, a Low on these 
inputs enables their respective transmitter. If not programmed 
as Auto Enables, they may be used as general-purpose inputs. 
Both inputs are Schmitt-trigger buffered to accommodate slow 
rise-time inputs. The ASCC detects pulses on these inputs and 
can interrupt the CPU on both logic level transitions. 


DCDA, DCDB: Data Carrier Detect (inputs, active Low). 

These pins function as receiver enables if they are pro- 
grammed for Auto Enables; otherwise they may be used as 
general-purpose input pins. Both pins are Schmitt-trigger buf- 
fered to accommodate slow rise-time signals. The ASCC de- 


tects pulses on these pins and can interrupt the CPU on both 


logic level transitions. 


DS: Data Strobe (input, active Low). 

This signal provides timing for the transfer of data into and out 
of the ASCC. If AS and DS coincide, this is interpreted as a 
reset. 


DTR/REQA, DTR/REQB: Data Terminal Ready/Request 
(outputs, active Low). 

These outputs follow the state programmed into the DTR bit. 
They can also be used as general-purpose outputs or as Re- 
quest Lines for a DMA controller. 


(El: Interrupt Enable In (input, active High). 

IEl is used with IEO to form an interrupt daisy chain when there 
is more than one interrupt-driven device. A High IEl indicates 
that no other higher priority device has an interrupt under ser- 
vice or is requesting an interrupt. . 


IEO: Interrupt Enable Out (output, active High). 

EO is High only if IE! is High and the CPU is not servicing an 
ASCC interrupt or the ASCC is not requesting an interrupt 
(interrupt acknowledge cycle only). IEO is connected to the 
next lower priority device’s IE! input and thus inhibits interrupts 
from lower priority devices. 


INT: Interrupt Request (output, open-drain, active Low). 
This signal is activated when the ASCC requests an interrupt. 


AmZ8031/AmZ8531 


INTACK: Interrupt Acknowledge (input, active Low). 

This signal indicates an active interrupt acknowledge cycle. 
During this cycle, the ASCC interrupt daisy chain settles. When 
DS becomes active, the ASCC places an interrupt vector on 
the data bus (if IEI is High). INTACK is latched by the rising 
edge of AS. 


PCLK: Clock (input). 

This is the master ASCC clock used to synchronize internal 
signals. PCLK is not required to have any phase relationship 
with the master system clock, although the frequency of this 
clock must be at least 90% of the CPU clock frequency for a 
Z8000. PCLK is a TTL level signal. 


RxDA, RxDB: Receive Data (inputs, active High). 
These input signals receive serial data at standard TTL levels. 


RTxCA, TRxCB: Receive/Transmit Clocks 

(inputs, active Low). 

These pins can be programmed in several different modes of 
operation. In each channel, RTxC may supply the receive 
clock, the transmit clock, the clock for the baud rate generator, 
or the clock of the digital phase-locked loop. These pins can 
also be programmed for use with the respective Ri pins as a 
crystal oscillator. The receive clock may be 1, 16, 32, or 64 
times the data rate in asynchronous modes. 


RTSA, RTSB: Request to Send (outputs, active Low). 
When the Request to Send (RTS) bit in Write Register 5 
(Figure 7) is set, the RTS signal goes Low. When the ATS bit is 
reset and Auto Enable is on, the signal goes High after the 
transmitter is empty. With Auto Enable off, the RTS pin strictly 
follows the state of the RTS bit. Both pins can be used as 
general-purpose outputs. 

R/W: Read/Write (input). 

This signal specifies whether the operation to be performed is 
read or a write. 

RIA, RIB: Ring Indicator (inputs, active Low). 

These pins can act either as inputs or as part of the crystal 
oscillator circuit. 


In normal operation (crystal oscillator option not selected), 
these pins are inputs similar to CTS and DCD. In this mode, 
transitions on these lines affect the state of the Ring Indicator 
status bits in Read Register 0 (Figure 6) but have no other 
function. 


TxDA, TxDB: Transmit Data (outputs, active High). 
These output signals transmit serial data at standard TTL 
levels. 


TRxCA, TRxCB: Transmit/Receive Clocks 

(inputs or outputs, active Low). 

These pins can be programmed in several different modes of 
operation. TRxC may supply the receive clock or the transmit 
clock in the input mode or supply the output of the digital 
phase-locked loop, the crystal oscillator, the baud rate 
generator, or the transmit clock in the output mode. 

W/REQA, W/REQB: Wait/Request (outputs, open-drain 
when programmed for a Wait function, driven High or Low 
when programmed for a Request function). 


‘These dual-purpose outputs may ‘be programmed as Request 


lines for a DMA controller or as Wait lines to synchronize the 
CPU to the ASCC data rate. The reset state is Wait. 
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PIN DESCRIPTION FOR AmZ8531 


The following section describes the pin functions of the ASCC. 
Figures 16 and 17 detail the respective pin functions and pin 
assignments. 


Vec: +5V Power Supply. 
GND: Ground. 


A/B: Channel A/Channel B Select (input). 
This signal selects the channel in which the read or write oper- 
ation occurs. 


CE: Chip Enable (input, active Low). 
This signal selects the ASCC for a read or write operation. 


CTSA, CTSB: Clear To Send (inputs, active Low). 

If these pins are programmed as Auto Enables, a Low on the 
inputs enables the respective transmitters. If not programmed 
as Auto Enables, they may be used as general-purpose inputs. 
Both inputs are Schmitt-trigger buffered to accommodate slow 
rise-time inputs. The ASCC detects pulses on these inputs and 
can interrupt the CPU on both logic level transitions. 


D/C: Data/Control Select (input). 

This signal defines the type of information transferred to or 
from the ASCC. A High means data is transferred; a Low indi- 
cates a command. 


DCDA, DCDB: Data Carrier Detect (inputs, active Low). 
These pins function as receiver enables if they are program- 
med for Auto Enables; otherwise they may be used as 
general-purpose input pins. Both pins are Schmitt-trigger buf- 
fered to accomodate slow rise time signals. The ASCC detects 
pulses on these pins and can interrupt the CPU on both logic 
level transitions. 


Dg—D7: Data Bus (bidirectional, three-state). 
These lines carry data and commands to and from the ASCC. 


DTR/REQGA, DTR/REQB: Data Terminal Ready/Request 
(outputs, active Low). 

These outputs follow the state programmed into the DTR bit. 
They can also be used as general-purpose outputs or as Re- 
quest lines for a DMA controller. 


lEl: Interrupt Enable In (input, active High). 

IEl is used with IEO to form an interrupt daisy chain when there 
is more than one interrupt-driven device. A High IEl indicates 
that no other higher priority device has an interrupt under ser- 
vice or is requesting an interrupt. 


IEO: Interrupt Enable Out (output, active High). 

EO is High only if IEI is High and the CPU is not servicing an 
ASCC interrupt or the ASCC is not requesting an interrupt 
_ (interrupt acknowledge cycle only). IEO is connected to the 
next lower priority device’s IEl input and thus inhibits interrupts 
from lower priority devices. 


INT: Interrupt Request (output, open-drain, active Low). 
This signal is activated when the ASCC requests an interrupt. 
INTACK: Interrupt Acknowledge (input, active Low). 


This signal indicates an active interrupt acknowledge cycle. - 
During this cycle, the ASCC interrupt daisy chain settles. When 


RD becomes active, the ASCC places an interrupt vector on 
the data bus (if IEI is High). INTACK is latched by the rising 
edge of PCLK. 


PCLK: Clock (input). 
This is the master ASCC clock used to synchronize internal 
signals. PCLK is a TTL level signal. 


RD: Read (input, active Low). 

This signal indicates a read operation and when the ASCC is 
selected, enables the ASCC’s bus drivers. During the interrupt 
acknowledge cycle, this signa! gates the interrupt vector onto 
the bus if the ASCC is the highest priority device requesting an 
interrupt. 


RxDA, RxDB: Receive Data (inputs, active High). 
These input signals receive serial data at standard TTL levels. 


RTxCA, RTxCB: Receive/Transmit Clocks 


" (inputs, active Low). 


These pins can.be programmed in several different modes of 
operation. In each channel, RTxC may supply the receive 
clock, the transmit clock, the clock for the baud rate generator, 
or the clock for the digital phase-locked loop. These pins can 
also be programmed for use with the respective Ri pins as a 
crystal oscillator. The receive clock may be 1, 16, 32, or 64 
times the data rate in asynchronous modes. 


RTSA, RTSB: Request To Send (outputs, active Low). 
When the Request To Send (RTS) bit in Write Register 5 (Fi- 
gure 7) is set, the RTS signal goes Low. When the ATS bit is 
reset in the asynchronous mode and Auto Enable is on, the 
signal goes High after the transmitter is empty. With Auto Ena- 
ble off, the RTS pin strictly follows the state of the RTS bit. 
Both pins can be used as general-purpose outputs. ' 


TxDA, TxDB: Transmit Data (outputs, active High). 
These output signals transmit serial data at standard TTL 
levels. 


TRxCA, TRxCB: Transmit/Receive Clocks 

(inputs or outputs, active Low). 

These pins can be programmed in several different modes of 
operation. TRxC may supply the receive clock or the transmit 
clock in the input mode or supply the output of the digital 
phase-locked loop, the crystal oscillator, the baud rate 
generator, or the transmit clock in the output moder 


WR: Write (input, active Low). 
When the ASCC is selected, this signal indicates a write oper- 
ation. The coincidence of RD and WR is interpreted as a reset. 


W/REQA, W/REQB: Wait/Request (outputs, open-drain 
when programmed for a Wait function, driven High or Low 
when progammed for a Request function). 

These dual-purpose outputs may be programmed as Request 
lines for a DMA controller or as Wait lines to synchronize the 
CPU to the ASCC data rate. The reset state is Wait. 





AmZ8031/AmZ8531 
ABSOLUTE MAXIMUM RATINGS above which useful life may be impared 


Storage Temperature ~—65 to +150°C 





Voltage at any Pin Relative to Vss —0.5V to +7.0V 
Power Dissipation 1.8W 





The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. Itis suggested, nevertheless, that conventional precautions be observed during storage, handling and use in order to avoid 
exposure to excessive voltages. 


OPERATING RANGE 
(over which the DC, switching and functional specifications apply) 


28031DC Z8031ADC 
Z8031PC Z8031APC 
28531DC 28531ADC 
Z8531PC 28531APC 


Commercial Operating Range 
Ta = 0 to-70°C 
Voc = 5V +5%- 


Industrial Operating Range 
Ta = —40 to +85°C 
Voc = 5V +5% 

Military Operating Range 
Ta = —55 to +125°C 
Voc = 5V +10% 


28031 DI 
28531DI 


Z8031DMB 
28531DMB 





Notes: T, denotes ambient temperature. 
Add suffix B to indicate burn-in requirement. 


ELECTRICAL CHARACTERISTICS 


Parameter Description Test Conditions 
















Input HIGH Voltage 
Input LOW Voltage 







































































Output HIGH Voltage lon = —250nA Vv 
Output LOW Voltage lop = +2.0mA Vv 
Input Leakage 0.4 < Vin = +2.4V pA | 
Output Leakage 0.4 < Vout = +2.4V A 
Voc Supply Current mA a 


Input Capacitance Unmeasured pins returned 


to ground. f = 1MHz over 
specified temperature range. 








Output Capacitance 











Bidirectional Capacitance 


Voc = 5V + 5% unless otherwise specified, over specified temperature range. 


Standard Test Conditions 


The characteristics below apply for the following standard test conditions, unless otherwise noted. All voltages are referenced to 
GND. Positive current flows into the referenced pin. Standard conditions are as follows: 


+4.75V = Voc S +5.25V 
GND = 0V Standard Test Load Open Drain Test Load 


O°C < Ta = +70°C 
+5V 


FROM OUTPUT 
UNDER TEST 


FROM OUTPUT 
UNDER TEST 


03818B-16 = = = 03818B-17 





9-89 





, 


AmZ8031/AmZ8531 
SYSTEM TIMING 


TdRXC(REQ) | RxCt to W/REQ Valid Delay (Note 2) 
TdRXC(W) RxC ¢ to Wait Inactive Delay (Notes 1, 2) 
TdRXC(INT) RxC f to INT Valid Delay (Notes 1, 2) 














TdTXC(REQ) | TxC | to W/REQ Valid Delay (Note 3) 
TdTXC(W) TxC | to Wait Inactive Delay (Notes 1, 3) 
TdTXC(DRQ) | TxC | DTR/REQ Valid Delay (Note 3) 
TdTXC(INT) TxC | to INT Valid Delay (Notes 1, 3) 


TdEXT(INT) DCD or CTS Transition to INT Valid Delay (Note 1) 


Notes: 1. Open-drain output, measured with open-drain test load. 3. TxC is TRxC or RTxC, whichever is supplying the transmit clock. 
2. RxC is RTxC or TRxC, whichever is supplying the receive clock. *Timings are preliminary and subject to change. 
































Figure 14. System Timing 


RTxC, TRxC 
RECEIVE 


W/REQ 
REQUEST 


RTxC, TRxC 
TRANSMIT 


W/REQ 
REQUEST 


W/REQ 
WAIT 


DTR/REQ 
REQUEST 
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AmZ8031/Am2Z8531 
GENERAL TIMING (See Figure 15) 


a ae 
T 


TdPC(REQ) PCLK | to W/REQ Valid Delay 
| 












250 


dPC(W) PCLK | to Wait Inactive Delay 
TsRXC(PC) RxC f to PCLK ¢ Setup Time (Notes 1, 4) 


a 

ee eee 
Ts [AKO RXGY | FO WIE THlsTine Now) ow) | 
Rees ) [bea 

Te | eKC°G) | THE POLK Soup Tine ws2.8) 

To | rarecre6) | FaE wR Daley Mode) Nowa) 
Po] 
ETN! 
feel 
feed 
eal 
LEE) 
el 
ca 


fo] 
o 


3 300 


TRxC High Width 
TRxC Low Width 
DCD or CTS Pulse Width 


Notes: 1. RxC is RTxC or TRxC, whichever is supplying the receive clock. 
2: TxC is TRxC or RTxC, whichever is supplying the transmit clock. 
3. Both ATxC and Ri have 30pF capacitors to the ground connected to them. bef Nat 
4. .Parameter applies only if the data rate is one-fourth the PCLK rate. In all other cases, no phase relationship between RxC and PCLK 
or TxC and PCLK is required. : 
5. Parameter applies only to FM encoding/decoding. 











0 
180 
400 400 


Ti 
i 
TsRXD(RXCf) | RxD toRxC | Setup Time (X1 Mode) (Notes 1, 5) 
i 
i 














400 
200 
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Figure 15. General Timing 
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AmZ8031/AmZ8531 
READ AND WRITE TIMING (See Figure 16) 


fee | meee Description 
1 


TwAS AS LOW Width 
TdDS(AS) DS f to AS | Delay 

TsCSO(AS) CSq to AS } Setup Time (Note 1) 
ThCSO(AS) CS to AS t Hold Time (Note 1) 
TsCS1(DS) CS; to DS | Setup Time (Note 1) 
ThCS1(DS) CS, to DS t Hold Time (Note. 1) 
TsIA(AS) INTACK to AS ft Setup Time 
ThIA(AS) INTACK to AS f Hold Time 
TsRWR(DS) R/W (Read) to DS | Setup Time 
ThRW(DS) RIW to DS ¢ Hold Time 
TsRWW(DS) RW (Write) to DS | Setup Time 
TdAS(DS) AS f to DS J Delay 

DS LOW Width 































































































































Valid Access Recovery Time (Note 2) 








Address to AS t Setup Time (Note 1) 
Address to AS f Hold Time (Note 1) 

Write Data to DS | Setup Time 
Write Data to DS Hold Time 


TsA(AS) 
ThA(AS) 
17 TsDW(DS) 
20 | Taosiom) | 05 ft Reed Det Nt vaid Dewy | 
ra | 
fa] 














16 















TdDS{(DR) DS | to Read Data Valid Delay 
TdAS(DR) AS f to Read Data Valid Delay 


Notes: 1. Parameter does not apply to Interrupt Acknowledge transactions. 
2. Parameter applies only between transactions involving the 8030. 
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Figure 16. Z8031 Read and Write Timing 


INTACK 


W/REQ 
REQUEST 


DTR/REQ 
REQUEST 
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AmZ8031/AmZ8531 
INTERRUPT ACKNOWLEDGE TIMING, RESET TIMING, CYCLE TIMING (see Figures 17, 18, 19) 


ae ee Description 
23 TdDS(DRz) Ds t to Read Data Float Delay (Note 3) 
24 TdA(DR) Address Required Valid to Read Data Valid Delay 


25 “TdDS(W) DS | to Wait Valid Delay (Note 4) 


TdDS{(REQ) | DS | to W/REQ Not Valid Delay 


26 
TdDSr(REQ) | 


TdAS(INT) 


















































DS | to DTR/REQ Not Valid Delay 


















AS ¢ to INT Valid Delay (Note 4) 

AS ¢ to DS | (Acknowledge) Delay (Note 5) 

DS (Acknowledge) Low Width 

DS | (Acknowledge) to Read Data Valid Delay 
TsIEI(DSA) IEl to DS | (Acknowledge) Setup Time 
ThIEKDSA) IEl to DS (Acknowledge) Hold Time 

IEl to [EO Delay . 120 
TdAS(IEO) AS ¢ to 1EO Delay (Note 6) 250 


29 

30 

31 

32 

33 
TdDSA(INT) | DS J (Acknowledge) to INT inactive Delay (Note 4) 500 - 500 
pss 
p40 | 
Pan = =: 
}42 
[3 















TdAS(DSA) 
TwDSA 
TaDSA(DR) 



























































DS + to AS | Delay for No Reset 30 15 
was | “AS an BS Concisnt Lon orRase Wie) [250 | 
Pies | Poon wan Sis | 
wron | PO Hon wa ————SSSSSSCSC* san P20 
[reec | eik Gye tine ———=—SCSCSC~C~S~C | noo | sat | 
rec _| Poukwetime ———SSCSCSC~C~‘“~‘~stCSC*C~‘“C‘idCi 
nec [raixrartine SSCs 


Notes: 3. Float delay is defined as the time required for a +0.5V change in the output with a maximum dc load and minimum ac load. 
4. Open-drain output, measured with open-drain test load. 
5. Parameter is system dependent. For any 8031 in the daisy chain, TdAS(DSA) must be greater than the sum of TdAS(IEO) for the highest priority 
device in the daisy chain, TsIEl(DSA) for the 8031, and TdlEIf(IEO) for each device separating them in the daisy chain. 
6. Parameter applies only to a 8031 pulling INT Low at the beginning of the Interrupt Acknowledge transaction. 
7. Internal circuitry allows for the reset provided by the 28 to be recognized as a reset by the 8031. 


“Timings are preliminary and subject to change. All timing references assume 2.0V for a logic “1” and 0.8V for a logic. 
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Figure 17. 28031 Interrupt Acknowledge Timing 


INTACK 


ete the 
“ —— ort 





03818B-21 


Figure 18. Z8031 Reset Timing 
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Figure 19. Z8031 -Cycle Timing 
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READ AND WRITE TIMING (see Figure 20) 


Number 





Parameter 


Description 


AmZ8031/AmZ8531 





105 



























































































1 TwPCl PCLK Low Width 70 ns 

2 TwPCh PCLK High Width 105 70 ns 

3 | TIPC PCLK Fall Time 10 ns 

l 4 TrPC | PCLK Rise Time | 15 ns 
5 TcPC PCLK Cycle Time 165 - 2000 ns | 

E 6 TsA(WR) Address to WR | Setup Time 80 ns 
7 ThA(WR) Address to WR + Hold Time ] ns | 

ap == 

L 8 TsA(RD) | _ Address to RD | Setup Time hs 
9 ThA(RD) Address to RD } Hold Time ns | 

10 TsIA(PC) | INTACK to PCLK f Setup Time ns 

11 TsIAi(WR) [ INTACK to WR | Setup Time (Note 1) ns 

12 ThIA(WR) INTACK to WR f Hold Time ns 

13 TsIAi(RD) INTACK to RD | Setup Time (Note 1) ns 

14 ThIA(RD) INTACK to RD } Hold Time ns 





15 ThIA(PC) 


ae 


INTACK to PCLK } Hold Time 
































16 TsCEI(WR) CE Low to WR | Setup Time ns 

17 ThCE(WR) | CE to WA ft Hold Time ns 

18 TsCEh(WR) CE High to WA | Setup Time ~ as 

19 TsCEI(RD) CE Low to RD | Setup Time (Note 1) ns 

20 ThCE(RD) CE to RD t Hold Time (Note 1) Ee 
24 TsCEh(RD) CE High to RD | Setup Time (Note 1) ; 
22 TwRDI _[ RB Low Width (Note 1) 390 250 | ons | 
23 TdRD(DRA) RD | to Read Data Active Delay ze ee ee eee 
24 TARD(DR) | RD f to Read Data Not Valid Delay 0 0 ns 

25 | __TaRDI(DR) RD | to Read Data Valid Delay [_ 250 180 ns, 

26 TdRD(DRz) RD } to Read Data Float Delay (Note 2) 70 45 ns 


Notes: 1. Parameter does not apply to Interrupt Acknowledge transactions. 
2. Float delay is defined as the time required for a +0.5V change in the output with a maximum dc load and minimum ac load. 
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Figure 20. Z8531 Read and Write Timing 
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| TdRDr(REQ) RD + to DTR/REQ Not Valid Delay 
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|39 | TwRDA —_|_ RD (Acknowledge) Width 
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TwRES WR and RD Coincident Low for Reset | 250 | | 250 


: : 6TcPC 6TcPC 
Valid Access Recovery Time (Note 3) +130 


Notes: 3. Parameter applies only between transactions involving the ASCC. 
4. Open-drain output, measured with open-drain test load. 
5. Parameter is system dependent. For any SCC in the daisy chain, TdIAi(RD) must be greater than the sum of TdPC(IEO) for the highest priority 
device in the daisy chain, TsIEI(RDA) for the SCC, and TdlEIf(IEO) for each device separating them in the daisy chain. 
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Figure 21. Z8531 Interrupt Acknowledge Timing 
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Figure 22. Z8531 Reset Timing 
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Figure 23. Z8531 Cycle Timing 
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8051/8031 


Single-Chip 8-Bit Microcomputer 


8031 — Control oriented CPU with RAM and !O 
8051 — An 8031 with factory mask-programmable ROM 


DISTINCTIVE CHARACTERISTICS 


4K x 8 ROM 

128 x 8 RAM 

Four 8-bit ports, 32 I/O lines 

Two 16-bit timer/event counters 
High-performance full-duplex serial channel 
External memory expandable to 128K 
Compatible with 8080 and 8085 peripherals 
Boolean processor 

8048 architecture enchanced with: 

—~— Non-paged jumps 

— Direct addressing 

— Four 8-register banks 

- Stack depth up to 128-bytes 

— Multiply, divide, subtract, compare 

Most instructions execute in 1us 

4us multiply and divide 


GENERAL DESCRIPTION 


The 8051/8031 are members of a family of advanced 
single-chip microcomputers. The 8051 contains 4K x 8 
read-only program memory; 128 x 8 RAM; 32 1/O lines; two 
16-bit timer/counters; a five-source, two-priority-level, 
nested interrupt structure; a serial I/O port for either multi- 
processor communications, I/O expansion, or full duplex 
UART; and on-chip oscillator and clock circuits. The 8031 is 
identical, except that it lacks the program memory. For sys- 
tems that require extra capability, the 8051 can be expanded 
using standard TTL compatible memories and the byte 

oriented 8080 and 8085 peripherals. 


The 8051 microcomputer, like its 8048 predecessor, is effi- 
cient both as a controller and as a boolean processor. The 
8051 has extensive facilities for binary and BCD arithmetic 
and excels in bit-handling capabilities. Efficient use of pro- 
gram memory results from an instruction set consisting of 
44% one-byte, 41% two-byte, and 15% three-byte instruc- 
tions. With a 12MHz crystal, 58% of the instructions execute 
in 18, 40% in 2us and multiply and divide require only 4j:5. 
Among the many instructions added to the standard 8048 
instruction set are multiply, divide, subtract, and compare. 


Figure 1. Block Diagram 
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ORDERING INFORMATION 


Operating 


Range Package 


Commercial 
0°C < Ta < 70°C 


w/ROM w/o ROM 


Hermetic DIP | D8051-XXXXX 





Voc = +5V +5% 
Vss =0V 


Molded DIP 


P8051-XXXXX 





Industrial 

~40°C < Ty < 85°C 
Vec = +5V +10% 
Vss = OV 


Hermetic DIP | 1D8051-XXXXX 





Military sy 
—55°C < Ta < 125°C 
Voc = +5V +10% 
Vss =0V 








Hermetic DIP }MD8051B-XXXXX | MD8031B 


*XXXXX is a five digit ROM code identifier assigned by factory. 





03303B-MMP 
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LOGIC SYMBOL 


TTT 


PORT1 


RXO ————» 
TXD ~——— 
int) —— 
int) —— 


oe 


PORT2 


HT 


te 


wR —— 


ADDRESS BUS 





SECONDARY FUNCTIONS 


75 —_ 
03303B-2 
Figure 2. 


8051 FAMILY PIN DESCRIPTION 


Vss 
Circuit ground potential. 


Vec 
+5V power supply during operation. 


PORTO 


Port 0 is an 8-bit open drain bidirectional I/O port. It is also the 
multiplexed low-order address and data bus when using ex- 
ternal memory. It is used for data output during program verifi- 
cation. Port 0 can sink/source eight LS TTL loads. 


PORT 1 


Port 1 is an 8-bit quasi-bidirectional I/O port. It is used for the 
low-order address byte during program verification. Port 1 can 
sink/source four LS TTL loads. 


PORT 2 


Port 2 is an 8-bit quasi-bidirectional I/O port. It also emits 
the high-order address byte when accessing external memory. 
It.is used for the high-order address and the control signals 
during program verification. Port 2 can sink/source four LS 
TTL loads. : : 


PORT 3 


Port 3 is an 8-bit quasi-bidirectional l/O port. It also contains the 
interrupt, timer, serial port, and RD and WR pins that are used by 
various options. The output latch corresponding to a secondary 
function must be programmed to a one (1) for that function to 
operate. Port 3 can sink/source four LS TTL loads. The secon- 
dary functions are assigned to the pins of Port 3, as follows: 


— RXD/data (P3.0). Serial port’s receiver data input 
(asynchronous) or data input/output (synchronous). 

— TXD/clock (P3.1). Serial port's transmitter data output 
(asynchronous) or clock output (synchronous). 

~ INTo (P3.2). Interrupt 0 input or gate contro! input for 
counter 0. 

— INT, (P3.3). Interrupt 1 input or gate control input for 
counter 1 

— To.(P3.4). Input to counter 0. 







CONNECTION DIAGRAM 
Top View 

D-40 

P-40 







Figure 3. 





— Ty (P3.5). Input to counter 1. 

— WR (P3.6). The write control signal! latches the data byte 
from Port 0 into the External Data Memory. 

— RD (P3.7). The read control signal enables External Data 
Memory to Port 0. 


RST/Vpp 


A high level on this pin resets the 8051. If Vpp is held within its 
spec (approximately +5V), while Vcc drops below spec, Vpp will 
provide standby power to the RAM. When Vpp is low, the RAM’s 
current is drawn from Vcc. A small internal resistor permits 
power-on reset using only a capacitor connected to Voc. 


ALE 


Provides Address Latch Enable output used for latching the ad- 
dress into external memory during normal operation. It is acti- 
vated every six oscillator periods, except-:during an external data 
memory access. 


PSEN 

The Program Store Enable output is a control signal that enables 
the external Program Memory to the bus during external fetch 
operations. It is activated every six oscillator periods, except 


during external data memory accesses. Remains high during 
internal program execution. 


EA 
When held at a TTL high level, the 8051 executes instructions 
from the internal ROM when the PC is less than 4096. When held 


at a TTL low level, the 8051 fetches all instructions from external 
Program Memory. 


XTAL, 


Input to the oscillator’s high gain amplifier. Required when a 
crystal is used. Connect to Vgg when external source is used 
on XTALo. 


XTAL2 


Output from the oscillator's amplifier. Input to the internal timing 
circuitry. A crystal or external source can be used. 
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THE 8051 FAMILY 


The 8051 is a stand-alone high-performance single-chip com- 
puter intended for use in sophisticated real-time applications 
such as instrumentation, industrial control, and intelligent com- 
puter peripherals. It provides the hardware features, architectural 
enhancements, and new instructions that make it a powerful and 
cost effective controller for applications requiring up to 64K bytes 
of program memory and/or up to 64K bytes of data storage. A 
Block Diagram is shown in Figure 1. 


The 8031 is a control-oriented CPU without on-chip program 
memory. It can address 64K-bytes of External Program Memory 
in addition to 64K-bytes of External Data Memory. For systems 
requiring extra capability, each member of the 8051 Family can 
be expanded using standard memories and the byte oriented 
8080 and 8085 peripherals. The 8051 is an 8031 with the lower 
4K-bytes of Program Memory filled with on-chip mask pro- 
grammable ROM. 


The two pin-compatible versions of this component reduce 
development problems to a minimum and provide maximum 
flexibility. The 8051 is suited for low-cost, high volume produc- 
tion; and the 8031 for applications desiring the flexibility of Exter- 
nal Program Memory which can be read modified and updated 
in the field. 


MACRO-VIEW OF THE 8051 


On a single die the 8051 microcomputer combines CPU; 4K x8 
read-only program memory; 128 x8 RAM; 32 I/O lines; two 16-bit 
timer/event counters; a five-source, two-priority-level, nested 
interrupt structure; serial I/O port for either multi-processor com- 
munications, 1/0 expansion or full duplex UART; and on-chip 
oscillator and clock circuits. This section will provide an overview 
of the 8051 by providing a high-level description of its major 
elements: the CPU architecture and the on-chip functions 
peripheral to the CPU. The generic term “8051” is used to refer 
collectively to the 8031 and 8051. 


8051 CPU ARCHITECTURE 


The 8051 CPU manipulates operands in four memory spaces. 
These are the 64K-byte Program Memory, 64K-byte External 
Data Memory, 256-byte Internal Data Memory and 16-bit Pro- 
gram Counter spaces. The Internal Data Memory address 
space is further divided into the 128-byte Internal Data RAM 
and 128-byte Special Function Register (SFR) address spaces 
shown in Figure 4. Four Register Banks (each with eight re- 
gisters), 128 addressable bits and the stack reside in the Inter- 
nal Data RAM. The stack depth is limited only by the available 
Internal Data RAM and its location is determined by the 8-bit 
stack pointer. All registers except the Program Counter and the 


8051/8031 


four 8-Register Banks reside in the Special Function Register 
address space. These memory mapped registers include 
arithmetic registers, pointers, !/O ports, interrupt system regis- 
ters, timers, and a serial port. 128 bit locations in the SFR ad- 
dress space are addressable as bits. The 8051 contains 128 
bytes of Internal Data RAM and 20 SFRs. 


The 8051 provides a non-paged Program Memory address 
space to accommodate relocatable code. Conditional branches 
are performed relative to the Program Counter. The register- 
indirect jump permits branching rélative to a 16-bit base register 
with an offset provided by. an 8-bit index register. Sixteen-bit 
jumps and calls permit branching to any location in the contiguous 
64K Program Memory address space. 


The 8051 has five methods for addressing source 
operands: Register, Direct, Register-Indirect, Immediate, and 
Base-Register-plus-Index-Register-Indirect Addressing. The 
first three methods can be used for addressing destination 
operands. Most instructions have a “destination, source” field 
that specifies the data type, addressing methods, and operands 
involved. For operations other than moves, the destination 
operand is also a source operand. 

Registers in the four 8- Register Banks can be accessed through 
Register, Direct, or Register-Indirect Addressing; the 128 bytes 
of Internal Data RAM through Direct or Register-Indirect Addres- 


_ sing; and the Special Function Registers through Direct Addres- 


sing. External Data Memory is accessed through Register- 
Indirect Addressing. Look-Up-Tables resident in Program 
Memory can be accessed though Base-Register-plus-Index- 
Register-Indirect Addressing. 

The 8051 is classified as an 8-bit machine since the internal 
ROM, RAM, Special Function Registers, Arithmetic/Logic Unit, 
and external data bus are each 8-bits wide. The 8051 performs 


_ Operations on bit, nibble, byte, and double-byte data types. 


The 8051 has extensive facilities for byte transfer, logic, and 
integer arithmetic operations. It excels at bit handling since data 
transfer, logic, and conditional branch operations can be per- 
formed directly on Boolean variables. 


8051 INSTRUCTION SET 


The 8051's instruction set is an enhancement of the instruction 
set familiar to 8048 users. It is enhanced to allow expansion of 
on-chip CPU peripherals and to optimize byte efficiency and 
execution speed. Op codes were reassigned to add new high- 
power operations and to permit new addressing modes which 
make the old operations more orthogonal. Efficient use of pro- 
gram memory results from an instruction set consisting of 49 
single-byte, 45 two-byte, and 17 three-byte instructions. When 
using a 12MHz oscillator, 64 instructions execute in 1s and 45 


Figure 4. 8051 Family Memory Organization 
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instructions execute in 2s. The remaining instructions (multiply 
and divide) execute in only 4us. The number of bytes in each 
instruction and the number of cycles required for execution are 
listed in Table 1 on pages 14 and 15. 


ON-CHIP PERIPHERAL FUNCTIONS 


Thus far only the CPU and memory spaces of the 8051 have been 
described. In addition to the CPU and memories, an interrupt 
system, extensive 1/O facilities, and several peripheral functions 
are integrated on-chip to relieve the CPU of repetitious, compli- 
cated, or time-critical tasks and to permit stringent real-time 
control of external system interfaces. The extensive I/O facilities 
include the 1/O pins, parallel I/O ports, bidirectional address/data 
bus, and the serial port for !/O expansion. The CPU peripheral 
functions integrated on-chip are the two 16-bit counters and the 
serial port. All of these work together to greatly boost system 
performance. . , 


INTERRUPT SYSTEM 


External events and the real-time-driven on-chip peripherals 
require service by the CPU asynchronous to the execution of any 
particular section of code. To tie the asynchronous activities of 
these functions to normal program execution, a sophisticated 
multiple-source, two-priority-level, nested interrupt system is 
provided. Interrupt response latency ranges from 3us to 7yus 
when using a 12MHz crystal. , 


The 8051 acknowledges interrupt requests from five 
sources: Two from external sources via the INTg and INT pins, 
one from each of the two internal counters and one from the serial 
I/O port. Each interrupt vectors to a separate location in Program 
Memory for its service program. Each of the five sources can be 
assigned to either of two priority levels and can be independently 
enabled and disabled. Additionally all enabled sources can be 
globally disabled or enabled. Each external interrupt,is pro- 
grammable as either level- or transition-activated and is active- 
low to allow the “wire or-ing” of several interrupt sources to the 
input pin. The interrupt system is shown diagrammatically in 
Figure 5. 


1/0 FACILITIES 


The 8051 has instructions that treat its 32 I/O lines as 32 individu- 
ally addressable bits and as four parallel 8-bit ports addressable 
as Ports 0, 1, 2, and 3. Ports 0, 2, and 3 can also assume other 
functions. Port 0 provides the multiplexed low-order address and 
data bus used for expanding the 8051 with standard memories 
and peripherals. Port 2 provides the high-order address bus 
when expanding the 8051 with external Program Memory or more 
than 256 bytes of External Data Memory. The pins of Port 3 can 
be configured individually to provide external interrupt request 
inputs, counter inputs, the serial port’s receiver input and trans- 
mitter output, and to generate the control signals used for reading 
and writing External Data Memory. The generation or use of an 
alternate function on a Port 3 pin is done automatically by the 
8051 as long as the pin is configured as an input. The configura- 
tion of the ports is shown on the 8051 Family Logic Symbol of 
Figure 2. , 


Open Drain 1/0 Pins 


‘Each pin of Port 0 can be configured as an open drain output or as 
a high-impedance input. Resetting the microcomputer programs 
each pin as an input by writing a one (1) to the pin. If a zero (0) is 
later written to the pin it becomes configured as an output and will 
continuously sink current. Rewriting the pin to.a one (1) will place 
its output driver in a high-impedance state and configure the pin 
as an input. Each I/O pin of Port 0 can sink/source eight 
LS TTL loads. 


Quasi-Bidirectional I/O Pins 


Ports 1, 2, and 3 are quasi-bidirectional buffers. Resetting the 
microcomputer programs each pin as an input by writing a one 
(1) to the pin. If a zero (0) is later written to the pin it becomes 
configured as an output and will continuously sink current. Any 
pin that is configured as an output will be reconfigured as an 
input when a one (1) is written to the pin. Simultaneous to this 
reconfiguration, the output driver of the quasi-bidirectional port 
will source current for two oscillator periods. Since current is 
sourced only when a bit previously written to a zero (0) is up- 


Figure 5. 8051 Interrupt System 
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dated to a one (1), a pin programmed as an input will not source’ 
current into the TTL gate that is driving it if the pin is later written 
with another one (1). Since the quasi-bidirectional output driver 
sources current for only two oscillator periods, an internal 
pull-up resistor of approximately 20K- to 40K-ohms is provided 
to hold the external driver's loading at a TTL high level. Ports 1, 
2, and 3 can sink/source four LS TTL loads. 


Microprocessor Bus 


A microprocessor bus is provided to permit the 8051 to solve a 
wide range of problems and to allow the upward growth of user 
products. This multiplexed address and data bus provides an 
interface compatible with standard memories, 8080 peripherals, 
and the 8085 compatible memories that include on-chip pro- 
grammable 1/O ports and timing functions. These are sum- 
marized in the 8051 Micronemputer Expansion Components 
chart of Figure 6. 


When accessing external memory the high- onder address is 
emitted on Port 2 and the low-order address on Port 0. The ALE 
signal is provided for strobing the address into an external latch. 
The program store enable (PSEN) signal is provided for enabl- 
ing an external memory device to Port 0 during a read from the 
Program Memory address space. When the MOVxX instruction is 
executed Port 3 automatically generates the read (RD) signal for 
enabling an External Data Memory device to Port 0 or generates 
the write (WR) signal for strobing the external memory device 
with the data emitted by Port 0. Port 0 emits the address and 
data to the external memory through a push/pull driver that can 
sink/source eight LS TTL loads. At the end of the read/write bus 
cycle, Port 0 is automatically reprogrammed to its high impe- 
dance state and Port 2 is returned to the state it had prior to the 
bus cycle. The 8051 generates the address, data, and control 
signals needed by memory and I/O devices in'a manner that 


minimizes the requirements placed on external program and 


data memories. At 12MHz, the Program Memory cycle time is 
500ns and the access times required from stable address and 
PSEN are approximately 320ns and 150ns respectively. The 
External Data Memory cycle time is 1448 and the access times 
required for stable address from read (RD) or write (WR) com- 
mand are approximately 600ns and 250ns respectively. 


TIMER/EVENT COUNTERS 


The 8051 contains two 16-bit counters for measuring timing 
events and pulse widths, for counting. events, as well as for 
generating precise, periodic interrupt requests. Each can be 
programmed independently to one of the following three modes: 


Mode 0 — similar to an 8048 8-bit timer or counter with divide by 
32 prescaler. 


Mode 1 — 16-bit time-interva! or event counter. 


Mode 2 — 8-bit time-interval or event counter with automatic 
reload upon overflow. 


Additionally, counter 0 can be programmed to a mode that di- 
vides it into one 8-bit time-interval or event counter and one 
8-bit time-interval counter (Mode 3). When counter 0 is in Mode 
3, counter 1 can be programmed to any of the three aforemen- 
tioned modes, although it cannot set an interrupt request flag or’ 
generate an interrupt. This mode is useful because counter 1’s 
overflow can be used to pulse the serial port’s transmission-rate 
generator. Along with their multiple operating modes and 16-bit 
precision, the counters can also handle very high input frequoen- 
cies. These range from 0.1MHz to 1.0MHz (from 1.2MHz to 
12MHz crystal) when programmed for an input that is a division 
by 12 of the oscillator frequency and from OHz to an upper limit 
of 50KHz to 0.5MHz (from 1.2MHz to 12MHz crystal) when pro- 
grammed for external inputs. Both internal and external inputs 
can be gated to the counter by a second external source for 
directly measuring pulse widths. 


Figure 6. 8051 Microcomputer Expansion Components 
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The counters are started and stopped under software control. 
Each counter sets its interrupt request flag when it overflows from 
all ones to all zeroes (or auto-reload value). The operating modes 
and input sources are summarized in Figures 7 and 8: The effects 
of the configuration flags and the status flags are shown in Fi- 
gures 9 and 10. 


SERIAL COMMUNICATIONS 


The 8051's serial I/O port is useful for serially linking peripheral 
devices as well as multiple 8051s through standard asynchron- 
ous protocols with full- duplex operation. The serial port also has a 
synchronous! mode for expansion of [/O lines using CMOS and 
TTL shift registers. This hardware serial communications inter- 
face saves ROM code and permits a much higher transmission 
rate than could be achieved through software. In response to a 
serial port interrupt request, the CPU has only to read/write the 
serial port's buffer to service the serial link. A block diagram of the 
serial port is shown in Figures 11 and 12. Methods for linking 
. UART (universal asynchronous receiver/transmitter) devices are 
shown in Figure 13 and a method for !/O expansion is shown in 
Figure 14. , 


The full-dupiex serial |/O port provides asynchronous modes to 
facilitate communications with standard UART devices, such as 
printers and CRT terminals, or communications with other 8051s 
in multi-processor systems. The receiver is double buffered to 
eliminate the overrun that would occur if the CPU failed to re- 
spond to the receiver's interrupt before the beginning of the next 
frame. The 8051 can generally maintain the serial link at its 
maximum rate so double buffering of the transmitter is not 
needed. A minor degradation in transmission rate can occur in 
rare events such as when the servicing of the transmitter has to 
wait for a lengthy interrupt service program to complete. In asyn- 
chronous modes, false start-bit rejection is provided on received 
frames. For noise rejection a best two-out-of-three vote is taken 
on three samples near the center of each received bit. 


When interfacing with standard UART devices, the serial chan- 
nel can be programmed to Mode 1 which transmits/receives a 
ten-bit frame or programmed to Mode 2 or 3 which transmits/ 
receives an eleven-bit frame as shown in Figure 15. The frame 
consists of a start bit, eight or nine data bits, and one stop bit. In 
Modes 1 and 3, the transmission-rate timing circuitry receives a 
pulse from counter 1 each time the counter overflows. The input 
to counter 1 can be an external source or a division by 12 of the 
oscillator frequency. The auto-reload mode of the counter pro- 
vides communication rates of 122 to 31,250 bits per second 
(including start and stop bits) for a 12MHz crystal. In Mode 2 the 
communication rate is a division by 64 of the oscillator frequency 
yielding a transmission rate of 187,500 bits per second (including 
start and stop bits) for a 12MHz crystal. 





COUNTER/TIMER RUN 


Figure 9. Timer/Counter 0 Control and Status Flag Circuitry 










Figure 7. Timer/Event Counter Modes 0, 1 and 2 
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Mode 3: 8-bittimer/counter Mode 3: 8-bit timer OVERFLOW 
(INTERRUPT 
REQUEST) 


FLAGO 








CRYSTAL 
OSCILLATOR 


EXTERNAL 
SOURCE 




























Mode 0: 8-bit timer/counter with prescaler PULSE TO 
Mode t: 16-bit timer/counter r oenee 






Mode 2: 8-bit auto-reload timer/counter 


03303B-7 


INTERRUPT REQUEST 


COUNTERO 






: 8-bit timer with 5-bit prescaler/ 
8-bit counter with 5-bit prescaler 

Mode 1: 16-bit timer/counter 

Mode 2: 8-bit auto-reload timer/counter 

8-bit timer/counter (TL) - 


03303B-8 
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Figure 10. Timer/Counter 1 Control and Status Flag Circuitry 


GATE COUNTER/TIMER RUN INTERRUPT REQUEST 








TIMER/ | COUNTER O IN MODE 3 



















PULSE TO 
SERIAL PORT 
8-bit timer with prescaler/ 
8-bit counter with prescaler 
16-bit timer/counter 
8-bit auto-reload T/C 
Prevents incrementing of T/C 1 
XTAL, 
8-BIT TIMER 
(THo) 03303B-9 
Figure 11. Serial Port — Synchronous Mode 0 
TRANSMITTER 
INTERRUPT 
| | TRANSMIT DATA/ 
| RECEIVE DATA 
. | SCON | 
| (SERIAL CONTROL) | 
CONTROL AND 
TIMING CIRCUITRY 
CRYSTAL | | 
OSCILLATOR | 
| RECEIVER | 
INTERRUPT 
| CLOCK 
a a ey tN ee he ge ee ohne Ue “fen Vg oe 033038-10 
Figure 12. Serial Port - UART Modes 1, 2 and 3 
— Wort bit frame eS eS aS ee 


- Baud rate generation from 
oscillator or timer 1 
~- Address frame recognition 












TRANSMITTER : 
INTERRUPT : 






‘ 


































| 9TH 
DATA i SBUF (XMIT) erect 
A 
BIT 
| SCON | 
| (SERIAL CONTROL) | 
| CONTROL AND | 
| TIMING CIRCUITRY | 
CRYSTAL | 
OSCILLATOR | 
TIMER 1 
OVERFLOW | 
RECEIVER | 
INTERRUPT bene 
—— — — DATA 
033038-11 


8051/8031 


Figure 13. UART Interfacing Schemes 


A. MULTI-8051 INTERCONNECT — HALF DUPLEX 


Figure 14. I/O Expansion Technique 


DATA 
CLOCK 
PORT PIN 


A. /O INPUT EXPANSION 


B. /O OUTPUT EXPANSION 03303B-13 


Distributed processing offers a faster, more powerful system 
than a single CPU can provide. This results from a hierarchy of 
interconnected processors, each with its own memories and I/O. 
In a multiprocessing environment, a single host 8051 controls 
other slave 8051s configured to operate simultaneously on 
separate portions of a program. The interconnected 8051s re- 
duce the load on the host processor and result in a lower-cost 
system of data transmission. This form of distributed processing 
is especially effective in a complex process where controls are 
required at physically separated locations. 


In Modes 2 and 3 interprocessor communication is facilitated by 
the automatic wake-up of slave processors through interrupt 
driven address-frame recognition. The protocol for interproces- 
sor communications is shown in Figure 16. In synchronous mode 
(Mode 0) the high speed serial port provides an efficient, low-cost 
method of expanding I/O lines using standard TTL and CMOS 
shift registers. The serial channel provides a clock output for 
synchronizing the shifting of bits to/from an external register. The 
data rate is a division by 12 of the oscillator frequency and hence 
is 1M bits per second at 12MHz. 
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B. MULTI-8051 INTERCONNECT — FULL DUPLEX 


MULTI-PROCESSOR START 


PORT PIN | | crs 


C. 8051 - 8251A INTERFACE 
03303B-12 


Figure 15. Typical Frame Formats 


7-BIT DATA 


TYPICAL 
CRT 


7-BIT DATA MARK STOP 


START 8-BIT DATA PARITY STOP 


8-BIT DATA ADDR = STOP 
COMMUNICATIONS DATA 


START 9-BIT DATA STOP 


yo j : 


—~ CLK 03303B-14 


Figure 16. Protocol for Multi-Processor Communications 


1. Slaves — Configure serial port to interrupt CPU if the re- 
ceived ninth data bit is a one (1). 


2. Master — Transmit frame containing address in first 8 data 
bits and set ninth data bit (i.e., ninth data bit desig- 
nates address frame). 


3. Slaves — Serial port interrupts CPU when address frame is 
received. Interrupt service program compares re- 
ceived address to its address. The slave which has 
been addressed reconfigures its serial port to inter- 
rupt the CPU on all subsequent transmissions. 


4. Master — Transmit control frames and data frames (these 
will be accepted only by the previously addressed 
slave). 





. 8051/8031 
ABSOLUTE MAXIMUM RATINGS above which useful life may be impaired* 











Storage Temperature ~65 to +150°C 
Voltage on Any Pin with Respect to Ground . —0.5 to +7.0V 
Power Dissipation 2w 





The products described by this specification include internal circuitry designed to protect input devices from damaging accumulations of 
static charge. It is suggested, nevertheless, that conventional precautions be observed during storage, handling, and use in order to avoid 
exposure to excessive voltages. 


*NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


8051/8031 DC CHARACTERISTICS 
Parameters Description Test Conditions Min Typ Max Units 


Input Low Vottage Ne eee eel 
Input High Voltage (Except RST/Vpp and XTAL2) Ps 
Vv 













: [20 | 
veo | PowerDownvotasewRsteg | Ven=ov | a 
vo. | Ouputtow Vonage Pars 2.0¢Nci0) ‘| tr=tena | 
Your | = 

| 24 | 
Me 






Vout Output Low Voltage, Port 0, ALE, PSEN (Note 1) lot = 3.2mA 
Output High Voltage, Ports 1, 2,3 ; lon = —80uA 
Output High Voltage, Port 0, ALE, PSEN lon = — 400A 


[ia ___[rotiigh Gonene RS trfesst | Ww=Voo-tev_| |_| 00 | wa_| 

ri | pstLetageGurertioron0.eA ‘| o<Ww<veo | | |_| a 
ric | PowerSippycurent «SSCS | 
Piso | PowercownGuren Sd | 
Cp | Capactancetoedion dee | 


Note 1. Vor is degraded when the 8051 rapidly discharges external capacitance. This AC noise is most pronounced during emission of address data. 
When using external memory, locate the latch or buffer as close to the 8051 as possible. 


Vv 
Vv 
Vv 





8051 PROGRAM VERIFICATION 
To ensure correct factory masked ROM, the following proce- Emitting Time Degraded 
dure may be followed. The address of the location to be ver- Ports Interval I/O Lines 


ified is input on Port 1 (pins 1 through 8) while Port 2 (pins 21 T pipa | 
through 28) and PSEN (pin 29) are held low. RST/VPD (pin 9) | Address | P2,PO | 73,79 | 
and ALE (pin 30) are held high. The data to be verified is read { WriteData | Po | 16 | P1,P3,ALE | o8v | 


out through Port 0 (pins 32 through 39). 
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8051/8031 AC CHARACTERISTICS (C, for Port 0, ALE and PSEN Outputs = 100pF; C,_ for All Other Outputs = 80pF) 






Variable Clock 
1/TCLCL = 1.2MHz to 12MHz 


Parameter ~ Description Units 


PROGRAM MEMORY 


TCY Min Instruction Cycle Time (Note 3) 

TLHLL ALE Pulse Width ; 127 

TAVLL Address Setup to ALE 53 
75 










12TCLCL 
2TCLCL—40 
TCLCL-—30 
TCLCL-—35 


12TCLCL 


Address Hold After ALE (Note 1) 
TLLIV ALE to Valid Instruction In 


i i 4TCLCL~—100 
THA 


TAZPL Address Float to PSEN 


EXTERNAL DATA MEMORY 


TRLRH RD Pulse Width 400 
TWLWH t WR Pulse Width 40 
TLLAX Address Hold After ALE (Note 1) 


3TCLCL — 125 


TCLCL-20 
TCLCL-8 
STCLCL—115 


i) 






6TCLCL — 100 
6TCLCL— 100 
2TCLCL-—35 


TRLDV RD to Valid Data In 
TRHDX Data Hold After RD 


5TCLCL-165 
TRHDZ Data Float After RD 2TCLCL-70 
8TCLCL-150 
QTCLCL-165 
3TCLCL+50 


a 


“I 


1 


~“I 


TLLDV ' ALE to Valid Data In 


| 
0 
TLLWL ALE to WR or RD 200 
TAVWL Address to WR or RD 


TAVDV Address to Valid Data in 


3TCLCL -—50 

4TCLCL —130 
TCLCL—40 
TCLCL-—50 

7TCLCL—150 
TCLCL-—50 


TWHLH WR or RD High to ALE High 43 


TOVWX Data Valid to WR Transition 


TCLCL +40 
TQVWH Data Setup Before WR 


TWHQX Data Hold After WR 33 
TRLAZ Address Float After RD 


Notes: 1. TLLAX for access to Program Memory is different from TLLAX for access to Data Memory. 
2. Interfacing the 8051 to devices with float times up to 75ns is permissible. This timited bus contention will not cause any damage to Port 0 
drivers. ; 
3. TCY is the minimum instruction cycle time which consists of 12 oscillator clocks or two ALE cycles. 
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WAVEFORMS 
PROGRAM MEMORY READ CYCLE 


Tcy 


TLLAX 
TPXIZ 
TAVLL _ TPXIX 
SA) 
Cre >< ms hc] 


PORTO INSTRIN <q 


ADDRESS 
PORT2 on SFR-P, ADDRESS Ay5—Ag ADDRESS Ay5- Ag 


03303B-15 


DATA MEMORY READ CYCLE 


TRHDZ -=| 


uy——___< 
im x) C DATA IN >> 


TRLAZ 


ADORESS 
OR SFR-P, ADDRESS A15—Ag OR SFR-P2 


03303B-16 


DATA MEMORY WRITE CYCLE 


TQVWH TWHQX 


a oe ae ee ee 


ADDRESS 
OR SFR-P, ADDRESS A;>— Ag OR SFR-P2 


033038-17 
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AC TESTING INPUT, OUTPUT, FLOAT WAVEFORMS 


INPUT/OUTPUT FLOAT 


TEST POINTS 
03303B-18 : : 03303B-19 


AC testing inputs are driven at 2.4V for a logic “1” and 0.45V for a logic “0.” 
Timing measurements are made at 2.0V for a logic “1” and 0.8V for a logic “0.” 
For timing purposes, the float state is defined as the point at which a Pg pin sinks 3.2mA or sources 400A at the voltage test levels. 


EXTERNAL CLOCK DRIVE XTAL2 


03303B-20 


CLOCKING DETAILS 


Variable Clock 
era =1. ee to 12MHz 


Symbol Parameters 
| ToLcL | | Oscillator Period Period 


ee ease er 
[ro.ox [twine [a0 | renee |e | 
ron | Fisetime [| | 
[react | atine [J 
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WAVEFORMS 


BUS (PO) FLOAT 
DATA ADDRESS DATA ADDRESS DATA ADDRESS 


_ | SAMPLED OUTPUT SAMPLED OUTPUT SAMPLED OUTPUT 


FOR EXTERNAL 
PROGRAM MEMORY FETCH 


Pa (EXT) | INDICATES ADDRESS TRANSITIONS | 


PORT OUT OLD DATA | NEW DATA 
PORT IN | | : 


SAMPLING TIME OF I/O PORT PINS DURING INPUT (INCLUDING INTg AND INT;) 


SERIAL ‘ . 
PORT CLK ; : 
(SHIFT MODE) 


03303B-21 





All internal timing is referenced to the internal time states shown at the top of the page. This waveform represents the signal on the Xg input of the 
oscillator. This diagram represents when these signals are actually clocked within the chip. However, the time it takes a signal to propagate to the pins is 
in the range of 50~-150ns. Prop delays are dependent on many variables, such as temperature, pin loading. Even the different signals vary. Typically 
though, /RD and /WR have prop delays of approximately 50ns and the other timing signals approximately 85ns, at room temperature, fully loaded. 
These differences in prop delays between signals have been integrated into the timing specs. 
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TABLE 1. 8051/8031 INSTRUCTION SET 


INSTRUCTIONS THAT AFFECT FLAG SETTINGS* 


Instruction 


ADD 
ADDC 
SUBB 
MUL 
DIV 
DA 
RRC 
RLC 
SETB 


4*x<xxKxOOxxxO 


Cc 


Flag 


Ov AC 

X CLRC 

X CPLC 

X  ANLC, bit 
ANL C,/bit 
ORL C, bit 
ORL C,/bit 
MOV C, bit 
CJNE 


Flag 
OV AC 


Instruction 


x KK KKK KOO 


DATA TRANSFER (Note 1) 
Mnemonic 


MOV 
*MOV 


MOV 
MOV 
MOV 
*MOV 
MOV 
*MOV 
*MOV 
*MOV 
*MOV 
*MOV 
MOV 
*MOV 
MOV 
*MOV 
*MOVC 
*MOVC 
MOVX 
*MOVX 


MOVX 


*MOVX 


*PUSH 

*POP 
XCH 

*XCH 
XCH 


XCHD 


A,Rn 
A,direct 


A,@Ri 
A,#data 
Rn,A 

Rn, direct 
Rn,#data 
direct,A 
direct,Rn 
direct,direct 
direct,@Ri 
direct,#data 
@Ri,A 


@Ri,direct 


@Ri,#data 


DPTR, 
#data16 
A,@A+ 
DPTR 
A,@A+PC 
A,@Ri 
A,@DPTR 
@Ri,A 
@DPTR,A 
direct 
direct 
A,Rn 
A,direct — 
A,@Ri 


A,@Ri 


Description Bytes Cycle 


Move register to Accumulator 1 1 
Move direct byte to 2 1 
Accumulator 

Move indirect RAM to 1 
Accumulator 

Move immediate data to 
Accumulator 

Move Accumulator to register 
Move direct byte to register 
Move immediate data to 
register 

Move Accumulator to 

direct byte 

Move register to direct byte 
Move direct byte to direct byte 
Move indirect RAM to 

direct byte 

Move immediate data to 
direct byte 

Move Accumulator to 

indirect RAM 

Move direct byte to 

indirect RAM 

Move immediate data to 
indirect RAM 

Move 16-bit constant to 

Data Pointer 

Move Code byte relative to 
DPTR to Accumulator 

Move Code byte relative to 
PC to Accumulator 

Move External RAM (8-bit 
address) to Accumulator 
Move External RAM (16-bit 
address) to Accumulator 
Move Accumulator to 

External RAM (8-bit address) 
Move Accumulator to 

External RAM (16-bit address) 
Push direct byte onto stack 
Pop direct byte off of stack 
Exchange register with 
Accumulator 

Exchange direct byte with 
Accumulator 

Exchange indirect RAM with 
Accumulator 

Exchange indirect RAM's 
least sig nibble with A’s LSN 


*New operation not provided by 8048/8049 Family 
All mnemonics copyrighted® Intel Corporation 1980. 





interrupt Response Time: To finish execution of current instruc- 
tion, respond to the interrupt request, push the PC and to vector to 
the first instruction of the interrupt service program requires 38 to 


81 oscillator periods (3 to 7us @ 12MHz). 


*Note that operations on SFR byte address 208 or bit addresses 209-215 
(i.e., the PSW or bits in the PSW) will also affect flag settings. — 


BOOLEAN VARIABLE MANIPULATION 
Mnemonic Description 


CLR C Clear Carry Flag 
*CLR bit Clear direct bit 
*SETB C Set Carry Flag 
*SETB bit Set direct bit 

CPL C Complement Carry Flag 
*CPL Obit Complement direct bit 

*ANL  C,bit AND direct bit to Carry Flag 
*ANL = C,/bit AND complement of direct bit 
to Carry 
OR direct bit to Carry Flag 
OR complement of direct 

bit to Carry 

Move direct bit to Carry Flag 
Move Carry Flag to direct bit 


*ORL 
“ORL 


C,bit 
C,/bit 


*MOV 
*MOV 


C,bit 
bit,C 


LOGIC 
Mnemonic 


ANL  A,Rn 
*ANL = A,direct 
ANL A,@Ri 


Description 
AND register to Accumulator 


AND indirect RAM to 
Accumulator 

AND immediate data to 
Accumulator 


ANL A,#data 


*ANL 
*ANL 


direct,A 
direct,#data AND immediate data to 

direct byte 

OR register to Accumulator 
OR direct byte to Accumulator 
OR indirect RAM to 
Accumulator 

OR immediate data to 
Accumulator 

OR Accumulator to direct byte 
OR immediate data to 

direct byte 

Exclusive-OR register to 
Accumulator 

Exclusive-OR direct byte to 
Accumulator 

Exclusive-OR indirect RAM 
to Accumulator 

Exclusive-OR immediate data 
to Accumulator 

Exclusive-OR Accumulator to 
direct byte 


ORL 
*ORL 
ORL 


A,Rn 
A,direct 
A,@Ri 
ORL A,#data 


*ORL 
*ORL 


direct,A 

direct,#data 
XRL A,Rn 
*XRL  A.direct 
XRL A,@Ri 
XRL A, #data 


*XRL  direct,A 


AND direct byte to Accumulator 


AND Accumulator to direct byte 


Byte Cycle 
1 


2 
1 
2 
1 
2 
2 
2 


Bytes Cycle 


1 
2 
1 


2 


Note 1: Speciai care should be taken (particularly with the 8031) when 


using the MOV instruction. The MOV instruction should not be 
used to move data on port 0 nor 2 when these ports are used to 


address external memory. 
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TABLE 1. 8051/8031 INSTRUCTION SET (Cont.) . 


LOGIC (Cont.) CONTROL TRANSFER (BRANCH) 
Mnemonic Description Bytes Cycle Mnemonic Description Bytes Cycle 
*XRL — direct,#data Exclusive-OR immediate data 3 2 AJMP _ addr11 Absolute Jump 2 2 
to direct byte ; *LJMP  addr16 Long Jump 3 2 
CLR A Clear Accumulator 1 1 *“SJMP rel Short Jump (relative addr) 2 2 
CPL A Complement Accumulator 1 1 *JMP §@A+DPTR Jump indirect relative to 1 2 
RL A Rotate Accumulator Left 1 1 the DPTR 
RLC A Rotate Accumulator Left 1 1 JZ rel Jump if Accumulator is zero 2 2 
: through Carry Flag JNZ rel Jump if Accumulator is not zero. 2 2 
RRA Rotate Accumulator Right 1 1 Jc rel Jump if Carry Flag is set 2 2 
RRC A Rotate Accumulator Right 1 1 JNC rel Jump if carry is not set 2 2 
through Carry Flag : *JB bit,rel Jump relative if direct bitis set 3 2 
SWAP A Exchange nibbles within 1 1 *JNB _bit,rel Jump relative if direct bit 3 2 
Accumulator is not set 
; *JBC sit, rel Jump relative if direct bitis set, 3 2 
then clear bit 
ARITHMETIC *CJNE A,direct,rel Compare direct byte to 3 2 
Mnemonic Description Bytes Cycle ’ Accumulator and Jump if not Equal 
ADD’ A,Rn Add register to Accumulator 1 1 CJNE A,#data,rel pabhbcldlear erate a 7 ei 3 2 
*ADD = A,direct Add direct byte to Accumulator 2 1 : achive sea 
ADD A@Ri Add indirect RAM to { 1 CJNE fRn,#data, Compare immediate to reg 3 2 
: Aceiiruitator rel and Jump if not Equal 
ADD A#data Add immediate data to 2 1 *CJNE @Ri, Compare immed. to indirect 3 2 
} Accumulator #data,rel RAM and Jump if not Equal 
ADDC A,Rn Add register to Accumulator «1 DaNz:: Entel Decrement register and Jump 2 2 
, ; if not zero 
with carry : F 
*ADDC A,direct Add direct byte to Accumulator 2 1 Pa Ne, recital Pes en creer byte:and : . 
with Carry Flag Jump if not zero 
ADDC A,@Ri Add indirect RAM and Carry 1 1 
Flag to Accumulator CONTROL TRANSFER (SUBROUTINE) 
ADDC A,#data Add immediate data and 2 1 A 
Carry Flag to Accumulator Mnemonic Description Bytes Cycle 
*SUBB A,Rn Subtract register from 1 1 ACALL addr11 Absolute Subroutine Call 2 2 
Accumulator with Borrow LCALL addr16 Long Subroutine Call 3 2 
*SUBB  A,direct Subtract direct byte from 2 1 RET Return from Subroutine Call 1 2 
Accumulator with Borrow RETI Return from Interrupt Call 1 2 
*SUBB A,@Ri Subtract indirect RAM from 1 1 ; 
Accumulator with Borrow Notes on data addressing modes: 
“SUBB A,#data Subtract immediate data from = 2 1 Rn — Working register RO—R7 of the currently selected 
Accumulator with Borrow Register bank. 
INC A Increment Accumulator 1 1 direct — 128 internal RAM locations, any I/O port, control, or 
a Rn Increment register 1 1 status register. 
ING direct Increment direct byte 2 1 @Ri — Indirect internal RAM location addressed by register 
INC @Ri Increment indirect RAM 1 1 . ROorRi. 
DEG A Decrement Accumulator 1 1 #data  — 8-bit constant included in instruction. 
eee ae Decrement fegister i 1 #data16 — 16-bit constant included as bytes 2 and3 of instruction. 
DEC direct Decrement direct byte 2 1 bit: ~ 128 software flags, any I/O pin, control, or status bit. 
*DEC @Ri Decrement indirect RAM 1 1 
‘INC DPTR Increment Data Pointer 1 2 Notes on program addressing modes: : 
one fd Bas ei : tags B } : ‘addr16  — Destination address for LCALL and LUMP may be anywhere 
DA A si oP | por oes y ; 1 1 within the 64-Kilobyte program memory address space. 
Beate et necueter addr11  — Destination address for ACALL and AJMP will be within the 
same 2-Kilobyte page of program memory as the first byte 
OTHER of the following instruction. 
: : rel — SJMP and all conditional jumps include an 8-bit offset byte. 
Mnemonic Description Bytes Cycle Range is +127, — 128 bytes relative to first byte of the 
NOP No Operation 1 1 following instruction. 





*New operation not provided by 8048/8049 Family 
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TABLE 2. INSTRUCTION OPCODES IN HEXADECIMAL ORDER 


Hex Code Bytes Mnemonic Operands Hex Code Bytes Mnemonic Operands 


00 NOP 42 ORL Data addr,A 
01 AJMP Code addr 43 ORL _ Data addr,#data 
02 LJMP Code addr 44 ORL A,#data 
03 RR A 45 ORL A,data addr 
04 INC A 46 JRL A,@RO 
INC Data addr 47 ORL A,@R1 
INC @RO 48 ORL A,RO 
INC @RI1 49 ORL A,R1 
(NC RO 4A ORL A,R2 
INC Ri 4B ORL A,R3 
INC R2 4c ORL A,R4 
INC R3 4D ORL A,R5 
INC R4 4E ORL A,R6 
INC R5 4F ORL A;R7 
INC R6 50 Code addr 
INC R7 51 Code addr 
JBC Bit addr,code addr 52 ANL Data addr,A 
ACALL Code addr 53 ANL Data addr,#data 
LCALL Code addr 54 ANL A,#data 
RRC A 55 ANL A,data addr 
DEC A 56 A,@RO 
DEC Data addr 57 A,@R1 
DEC @RO ANL A,RO 
DEC @RI1 ANL A,R1 
DEC RO ANL A,R2 
DEC R1 ANL A,R3 
DEC R2 ANL A,R4 
DEC }§=R3 ANL A,R5 
DEC R4 ANL A,R6 
DEC R5 ANL A,R7 
DEC R6 JZ Code addr 
DEC R7 Code addr 
JB Bit addr,code addr XRL Data addr,A 
AJMP Code addr XRL Data addr, #data 
RET XRL A, #data 
RL A XRL A,data addr 
ADD A,#data XRL A,@RO 
ADD A,data addr XRL A,@R1 
ADD A,@RO XRL A,RO 
ADD A,@R1 XRL A,R1 
ADD A,RO A,R2 
ADD A,R1 A,R3 
A,R2 A,R4 
A,R3 A,R5 
A,R4 A,R6 
A,R5 ‘A,R7 
A,R6 Code addr 
A,R7 Code addr 
Bit addr,code addr C,bit addr 
Code addr @A+DPTR 
A,#data 
Data addr,#data 
@RO,#data 
@R1,#data 
RO,#data 
R1,#data 
R2,#data 
R3,#data 
R4,#data 
R5,#data 
R6,#data 
R7,#data 
Code addr 
Code addr 
C,bit addr 
A,@A+PC 


A 
A,#data 
A,data addr 
A,@RO 
A,@R1 
A,RO 
A,R1 
A,R2 
A,R3 
A,R4 
A,R5 
A,R6 
A,R7 
Code addr 
Code addr 


=A=ANNAYNNNANNANNANNWONANNNAHBABaABae Bene NMNNWNNNAHBR BBB BBn nnn NNWONNNA BABB Beaman NNwWND 


1 
2 
3 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
2 
3 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1: 
3 
2 
1 
1 
2 
2 
1 
1 
1 
1 
1 
1 
1, 
1 
1 
1 
3 
2 
1 
1 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
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Hex Code 


84 
85 
86 
87 
88 
89 
8A 
8B 
8C 


Bytes 


== NNN]2=4]2 42 24 24 24 UMN ANNWONNNANNNNNNW= 


“NN WOWWAWWAWAWHWDWHWOHWOHDO-NNNNHNNNNNNN NDP 





TABLE 2. INSTRUCTION OPCODES IN HEXADECIMAL ORDER (Cont.) 


Mnemonic 


DIV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
ACALL 
MOV 
MOVC 
SUBB 
SUBB 
SUBB 
SUBB 
SUBB 
SUBB 
SUBB 
SUBB 
SUBB 
SUBB 
SUBB 
SUBB 
ORL 
AJMP 
MOV 
INC 
MUL 
Reserved 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
- MOV 
MOV 
MOV 
ANL 
ACALL 
CPL 
CPL 
CJNE 
CJNE 
CJNE 
CJNE 
CJNE 
CJNE 
CJNE 
CJNE 
CJNE 
CJNE 
CJNE 
CJNE 
PUSH 
AJMP 


Operands 


AB 

Data addr,data addr 
Data addr,@RO 
Data addr,@R1 
Data addr,RO 
Data addr,R1 
Data addr,R2 
Data addr,R3 
Data addr,R4 
Data addr,R5 
Data addr,R6 
Data addr,R7 
DPTR, #data 
Code addr 

Bit addr,C 
A,@A+DPTR 
A,#data 
A,data addr 
A,@RO 
A,@R1 

A,RO 

A,R1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6 

A,R7 

C,/bit addr 
Code addr 
C,bit addr 
DPTR 

AB 


@RO,data addr 
@Ri,data addr 
RO,data addr 

Ri,data addr 

R2,data addr 

R3,data addr 

R4,data addr 

R5,data addr 

R6,data addr 

R7,data addr 

C,/bit addr 

Code addr 

Bit addr 

Cc 

A,#data,code addr 
A,data addr,code addr 
@RO, #data,code addr 
@Ri1,#data,code addr 
RO,#data,code addr 
R1,#data,code addr 
R2,#data,code addr 
R3,#data,code addr 
R4,#data,code addr 


_ R5,#data,code addr 


R6,#data,code addr 
R7,#data,code addr 
Data addr 
Code addr 
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Hex Code 


C2 
C3 
C4 
C5 
C6 
C7 
c8 
cg 
CA 
CB 
cc 
cD 
CE 
CF 
DO 
D1 


D2 


D3 
D4 
D5 
D6 
D7 
D8 


Bytes 


aoe este ten NSHP BP BHM HBB Beste esto BP oe HOH SKB 4H NABNNNNNNNMN HH WOH HANNON HWABaestee enone ap =A ah 


Mnemonic 


CLR 
CLR 
SWAP 
XCH 
XCH 
XCH 
XCH 
XCH 
XCH 
XCH 
XCH 
XCH 
XCH 
XCH . 
POP 
ACALL 
SETB 
SETB 
DA 
DJNZ 
XCHD 
XCHD 
DJNZ 
DJNZ 
DJNZ 
DJNZ 
DJNZ 
DJNZ 
DJNZ 
DJNZ 
MOVX 
AJMP 
MOVX 
MOVX 
CLR 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 

~ MOV 
MOV 
MOV 
MOV 
MOVX 
ACALL 
MOVX 
MOVX 
CPL 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 


8051/8031 





Operands 


Bit addr 

Cc 

A 

A,data addr 
A,@RO 
A,@R1 

A,RO 

A,R1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6 

A,R7 

Data addr 
Code addr 
Bit addr 

Cc 

A " 

Data addr,code addr 
A,@RO 
A,@R1 
RO,code addr 
Ri,code addr 
R2,code addr 
R3,code addr 
R4,code addr 
R5,code addr 
R6,code addr 
R7,code addr 
A,@DPTR 
Code addr 
A,@RO0 
A,@RI1 

A 

A,data addr 
A,@RO 
A,@RI1 

A,RO 

A,Ri 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6 

A,R7 
@DPTR,A 
Code addr 
@RO0,A 
@RI1,A 

A 

Data addr,A 
@RO0,A 
@R1,A 

RO0,A 

R1,A 

R2,A 

R3,A 

R4,A 

R5,A 

R6,A 

R7,A 
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Programmable Communication Interface 


DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION 


e@ Synchronous operation up to 64K baud The AMD 8251A is the enhanced version of the industry 
Y standard 8251. Universal Synchronous/Asynchronous 
Receiver/Transmitter (USART) designed for data com- 
Full duplex, double-buffered transmitter and receiver munications with 8-bit, 16-bit, and single-chip micro- 
Fully programmable with several speed and processors. The 8251A is used as a peripheral device and 
character modes is programmed by the CPU to operate using seria! data 
transmission techniques. The 8251A interfaces easily with 
amodem. 


The USART accepts data characters from the CPU in paral- 
Single +5V supply and TTL clock lel format and then converts them into a continuous serial 
False start bit detection; automatic break detect and data stream for transmission. Simultaneously, it can receive 
handling. serial data streams and convert them into parallel data 
characters for the CPU. The 8251A communicates with the 
CPU via direct contro! lines and 8-bit control words on 
the system bus. The CPU can query the USART status at 
any time. 


Asynchronous operation up to 19.2K baud 


Error detection for parity, overrun, and framing 
Compatible with 8080/85/86/88 microprocessors 


Supports bi-sync 


The 8251A is fabricated with a N-channel silicon gate pro- 
cess and is packaged in a plastic or ceramic 28-pin DIP. 


Figure 1. Block Diagram Figure 2. Pin Configuration 


TRANSMIT 
BUFFER 
(P-S) 


D-40 


D2 : D, 
Dy Do 
RxD V* (Voc) 


READ/WRITE 


GND (Vg¢) Rx 
CONTROL TRANSMIT : re ; x 


CONTROL Db. 
4 DTR 
RTS 
DSR 
RST 
CLK 
RECEIVE ; WA TxD 
CONTROL BUFFER (S-P) 
TxE 
cts 
SYNDET 


INTERNAL DATA BUS : TxRDY 


RECEIVE 
CONTROL : 04133A-2 
SYNDET 


Note: Pin 1 is marked for orientation. 


ORDERING INFORMATION 


Ambient 
Temperature Device Number 
Package Type Specification 3MHz 


co<m=re |e 


= 
= 





—55°C < Ta < +125°C MD8251AB 





—40°C < Ta < +85°C ID8251A 
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FEATURES AND ENHANCEMENTS 
The 8251A is an advanced design of the industry standard 


USART 8251. The 8251A operates with a wide range of micro- 
processors and microcomputers. 


The 8251A incorporates all the key features of the 8251/9551 and 
has the following additional features and enhancements: 


@ 8251A has double-buffered data paths with separate I/O 
registers for control, status, Data In, and Data Out, which con- 
siderably simplifies control programming and minimizes CPU 
overhead: 


In asynchronous operations, the Receiver detects and handles 
“break” automatically, relieving the CPU of this task. 


A refined Rx initialization prevents the Receiver from starting 
when in “break” state, preventing unwanted interrupts from a 
disconnected USART. 


At the conclusion of a transmission, TxD line will always return 
to the marking state unless SBRK is programmed. 


Tx Enable logic enhancement prevents a Tx Disable command 
from halting transmission until all data previously written has 
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B251A 


been transmitted. The logic also prevents the transmitter from 
turning off in the middle of a word. 


When External Sync Detect is programmed, Internal Sync 
Detect is disabled, and an External Sync Detect. status is 
provided via a flip-flop which clears itself upon a status read. 


Possibility of a false sync detect is minimized by ensuring that 
if double character sync is programmed, the characters be 
contiguously detected and also by clearing the Rx register to all 
ones whenever Enter Hunt command is issued in Sync mode. 


As long as the 8251A is not selected, the RD and WR do not 
affect the internal operation of the device. 


The.8251A Status can be read at any time but the status update 
will be inhibited during status read. 


The 8251A is free from extraneous glitches and has enhanced 
AC and DC characteristics, providing higher speed and better 
operating margins. 


Synchronous baud rate from DC to 64K. 
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MAXIMUM RATINGS 

Ambient Temperature Under Bias —55 to 125°C 
Storage Temperature ; '  —65 to + 150°C 
Voltage to Any Pin with Respect to Ground —0.5 to +7.0V 
Power Dissipation 1.0W 


Stresses above those listed under “Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is 
not implied. Exposure to maximum rating conditions for extended periods may affect device reliability. 


OPERATING RANGE 
Part Number Ta Vec Vss 


P8251A : : ; 
D8251A 0°C <Ta <= 70°C 5.0V +5% 








-40°C <Ta<85°C | 5.0V +10% OV 
MD8251AB -| -55°C<Ta<125°C | 5.0V+10% ov 
DC CHARACTERISTICS 


Com! Ta = 0to 70°C, Voc = 5V +5% 
Ind Ta = —-40to85°C,  Vog=5V+10% 
Mil Ta = —-55t0 125°C, Voc =5V+10% 


Parameter - Description Test Conditions Min Max Min Max . Units 


I 
| P Supply C t All Outputs = High 
cc ower oupply Curren utputs = hig fing | 


CAPACITANCE (Ta = 25°C, Voc = GND = OV) 
Parameter Description Test Conditions Min Max Units 


/O Capacitance Unmeasured Pins Returned to GND ae ee ae 


AC CHARACTERISTICS (GND = ov) 


Comt Ta = 0t0 70°C, Voc = SV £5% 
Ind Ta = —40to85°C, = Vog = 5V +10% 
Mil Ta = —55to 125°C, Voc = 5V +10% 


Bus Parameters (Note 1) 
Parameter Description Test Conditions Min Max Min Max Units 
READ CYCLE 


Fax | Adress Hols Tinefor EASES, C5) —_ 
Sten | RERBPusowam 
For | RERBtobaarecaing i 








WRITE CYCLE 


lta | Address Stable Before WRITE 
| twa | AddressHold Time for WRITE 


taw 
twa 
WRITE Pulse Width 
tpw 
two 
trv 








| tpw _|_ Data Setup Time for WRITE 
| two | Data Hold Time for WRITE : 


Recovery Time Between WRITES 





8251A 
AC CHARACTERISTICS (Cont.) (GND = ov) 


Com'l Ta = 0to70°C, Voc = 5V +5% 

Ind Ta = -40t085°C, = Veg = 5V+10% 

Mil Ta =~55t0 125°C, Vog = 5V +10% 

Parameter Description Test Conditions Min Max Min Max Units 


OTHER TIMINGS 

toy Clock Period 

Clock High Pulse Width 
‘Clock Low Pulse Width 

Clock Rise and Fall Time 

TxD Delay from Falling Edge of TxC 


tp, te 


toTx . 


ftx Transmitter Input Clock Frequency 
1x Baud Rate 


16x Baud Rate 
64x Baud Rate 


Transmitter Input Clock Pulse Width 
1x Baud Rate 


16x and 64x Baud Rate 





trpw 


Transmitter Input Clock Pulse Delay 
1x Baud Rate 


16x and 64x Baud Rate 


Receiver Input Clock Frequency 
1x Baud Rate 


16x Baud Rate 


Paw . | kHz | 
| &xBaudrate CT C—C~iE=C iss ts | | ts | te 
a a 

1x Baud Rate tcy 
a A 

1x Baud Rate . 15 toy 
a PT 

t 


tTxRDY F Wa 
taxRDY RxRDY Pin Delay from Center of Last Bit’ 


tRxRDY ; Bp 
CLEAR RxRDY | from Leading Edge of RD 


Internal SYNDET Delay from Rising Edge of RxC 
External SYNDET Setup Time After Rising Edge of RxC 
ttxeEMPTY | TxEMPTY Delay from Center of Last Bit 


Control Delay from Rising Edge of WRITE 
‘ (TxEn, DTR, RTS) : 





Notes: 1. AC timings measured Voy = 2.0 VoL = 2.0, VoL = 0.8, and with load circuit of Figure 1. 
. Chip Select (CS) and Command/Data (C/D) are considered as Addresses. 
. Assumes that Address is valid before Rol. 
. This recovery time is for after a Mode Instruction only. Write Data is allowed only when TxRDY = 1. Recovery time between Writes 
for Asynchronous Mode is 8 toy and for Synchronous Mode is 16 toy. ; 
5. The TxC and RxC frequencies have the following limitations with respect to CLK: For 1x Baud Rate, f7, or fy, <1/(30 toy): For 16x and 
64x Baud Rate, fy, or fry <1/(4.5 toy). , 
6. Reset Pulse Width = 6 tcy minimum; System Clock must be running during Reset. 
7. Status update can have a maximum delay of 28 clock periods from the event affecting the status. 


OND 
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8251A 
TYPICAL A OUTPUT DELAY VS. A CAPACITANCE — pF 


+20 











A OUTPUT DELAY —- ns 








A 


-20 
-100 -50 0 +50 +100 


A CAPACITANCE -— pF 
04133A-3 


AC TESTING INPUT, OUTPUT WAVEFORM AC TESTING LOAD CIRCUIT 


2.0 sass S 


TEST POINTS 


aa 


04133A-4 


AC testing: Inputs are driven at 2.4V for a logic “1” and 0.45V for a logic = 
“0.” Timing measurements are made at 2.0V for a logic “1” and 0.8V for : 
a logic “0.” Cy = 150pF 


04133A-5 


WAVEFORMS 
SYSTEM CLOCK INPUT 


CLOCK 


04133A-6 


TRANSMITTER CLOCK AND DATA 





+ TxE 
(1x MODE) 


Txt 
{16x MODE) 


04133A-7 


RECEIVER CLOCK AND DATA 


(Rx BAUD COUNTER STARTS HERE) 


START BIT DATA SIT 


Rt 
{1x MODE) 


8 ten one. 16 RxC PERIODS (16x MODE): 


ac 

{18 MODE) 

(NT SAMPLING 
PULSE 


04133A-8 
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WAVEFORMS (Cont.) 
WRITE DATA CYCLE (CPU — USART) 


ttx RDY CLEAR 


tww 


two 


id ame 


DON'T CARE ‘ DON'T CARE 
DATA IN (D8) ( DATA STABLE 1) 


taw twa 


04133A-9 





READ DATA CYCLE (CPU <- USART) 


tax RDY CLEAR 


tar 


oe ¥ 


DATA FLOAT DATA FLOAT 
DATA OUT (D8) DATA OUT ACTIVE ) 


04133A-10 


WRITE CONTROL OR OUTPUT PORT CYCLE (CPU — USART) 


OTR, ATS 
(NOTE = 1) 


DATA IN (DB) 





04133A-11 
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8251A 


WAVEFORMS (Cont.) 
READ CONTROL OR INPUT PORT (CPU | USART) 


DSR, CTS 
(NOTE = 2) 


DATA OUT 
(DB) 


04133A-12 


Notes: 1. Twc includes the response timing of a control byte. 
2. Tcorincludes the effect of CTS on the TxENable circuitry. 


TRANSMITTER CONTROL AND FLAG TIMING (ASYNC MODE) 


‘tu EMPTY 
Tx EMPTY 


Tx READY 
{STATUS BIT) 





Ta READY 
(PIN) 


WR TxEn 
Y 





WR SBRK 
Y 

















DATA CHAR 1 DATA CHAR 2 DATA CHAR 


o123 4 5 6 
DATA CHAR 4 


START SIT 
OATA BIT 
STOP BIT 


04133A-13 


Example format = 7 bit character with parity and 2 stop bits. 
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Tx EMPTY 


Tx READY 
(STATUS BIT) 


Tx READY 


(PIN) 


@ @ e e - > > > 
WR 
& te, & & 
DATA evac ar ae MARKING s 
MARKING STATE CHAR 2 CHARI SYNC CHAR 2 STATE cua 5 CHAR 


Tx DATA 
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WAVEFORMS (Cont.) 


RECEIVER CONTROL AND FLAG TIMING (ASYNC MODE) 


BREAK DETECT 


FRAMING ERROR 
(STATUS BIT) 


OVERRUN ERAOR 
(STATUS BIT) 





AKAMA? COO 


DATA CHAR 1 0129456) or23456 


BREAK 


START BIT 
DATA BIT 
PARITY BIT 
PARITY BIT 
STOP BIT 
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Example Format = 7 bit character with parity and 2 stop bits. 


TRANSMITTER:CONTROL AND FLAG TIMING (SYNC MODE) 


WR hay WR DATA ton oan 
CHAR CHAR 2 

















YNC 





© LY 
| | | a 
wR ema wr COMMAND, Tt | 
SBR 
ap Lo 








Sere reese vet ae —Aagonat 
NINN OUOOSSONCIOOOONNO NOON SION ONCLON | eceo090000% 


04133A-15 


Example Format = 5 bit character with parity, 2 syne characters. 
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WAVEFORMS (Cont.) 


RECEIVER CONTROL AND FLAG TIMING (SYNC MODE) 


SYNDET 
(PIN) NOTE 1 


SYNDET (SB) 





® 
DATA CHAR 2 
ERROR (SB) LOST 


Br RADY (PIN) 


WREH 
RxEn RO STATUS 


TATUS / 
WREH 









































slinainadechastieniaatnctsinimentactania 


PAR PAR PAR PAR PAA 








HUNT MODE / 


EXIT : 
SET SYNDET (STATUS BIT] SET SYNDET (STATUS BIT) 


CHAR ASSY 
Ja CHAR ASSY BEGINS / BEGINS 
— 
reer , SU 


\ EXIT HUNT MODE 
SET SYNC DET 


04133A-16 


Notes: 1. Internal syne, 2 sync characters, 5 bits, with parity. 
2. External sync, 5 bits, with parity. 
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ORDERING INFORMATION 


PACKAGE OUTLINES 
GLOSSARY 


Yu“) 
Ww 
= 
= 
< 
- 
=z 
uw 
” 
Ww 
c 
a. 
Ww 
x 
Y“) 
TT} 
=! 
<q 
7) 


AMD FIELD SALES OFFICES 
DISTRIBUTOR LOCATIONS 





DICE POLICY 


Section X 


Package Outlines sta c crs ing at Ee ee ene AG Ue ae Be ade eedaeeuaee aes Bapieheeet nates 10-1 
GIOSSOIY a iceckcad ees het ea cas en wade Boe a aren ta oe eS BS eae ee ee 10-12 
Dice: Policy ccs pate ag sae wore PA va aes we ead AS eal oe RO a eae ee as 10-16 
Ordenng Information: «245i sas enced poedeesS ewecans asdedg yeaa neeseaes Serr er etre ere re 10-17 
AMD Field Sales Offices, Sales Representatives, Distributor Locations ............-.... cece eee 10-22 


Package Outlines 


METAL CAN PACKAGES 
H-10-1 G-12-1 
350 610 
540 —»! 









350 |e -— 990. =| 









.013 .020 Series 
033 . 013 ‘030 Ae 
REFERENCE 033 REFERENCE t "18 
atau ie I : 
P AN 
eee a PLANE PLANE } 
SEATING | SEATING a 
PLANE li 1 l 1 
ons 








Note. Standard lead finish is bright acid tin plate or gold plate. 





MOLDED DUAL IN-LINE PACKAGES 
P-8-1 P-10-1 


r 


240 

“260 

if — Led 
.055 — =| b 010 
065 .030 








— 


2150 
200 ze SEATING 
PLANE 
{ 015, 
060 














Croat ap 
A 040 2 LP OA OP Ae OP GP GY A ; 
i "065 ad : 
SEATING 
is ne ve SEATING 
— NE 
.009 125, 
i ae “oT 50. 
--| |. 01s. 060 = “310 = 
125 t 16 385 bie i 015, 
150 110 020 
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PACKAGE OUTLINES (Cont.) 


-MOLDED DUAL IN-LINE PACKAGES (Cont.) 


P-18-1 P-20-1 








025, 
SEATING 














gg as 
065 “040 
150, p05 SEATING 
‘200 [> “975. ——_~|_ PLANE SEATIN 
009 
O11 
310 
395 ; 009 
21S “150 on 
__ 06 055 ___ 090 310 
seri 020 065 =| 710 =s. 





P-22-1 P-24-1 


SEATING 
£035, PLANE 





fie 1.080 ; SEATING 
200. 120 PLANE 
if erenoerrsl iv 
L 015 180 oo | 055 |--218 as a8 Paes 
‘160° ao 020 YW 2 | 065 |--2 
P-28-1 P-40-1 











=e = UIT t ITI 
040 
: : SEATING 
SEATING peed ieee eee ee dete, dye to PLANE 
200 1.450 200 2.080 015 : 
+ (015 PLANE | i 
4 “otf 











LR rth t/ha rR 
Po get os is [sss a a 





Note. Standard lead finish is tin plate or solder dip. 
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PACKAGE OUTLINES (Cont.) 


HERMETIC DUAL IN-LINE PACKAGES 


D-8-2 


: 


015 


-290 
a ae 
0 | 


125 Le et 015, 
-160 mie “022, 


vy a .020 MIN. 


p88 
SEATING 
PLANE 
3 
ce 


100. 
U a. 
‘150° 70 
= 
-110 
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| ses 
a SEATING : a SEATING 


SEATING 


mii —~|}—— 


290 
320 





PACKAGE OUTLINES (Cont.) 


HERMETIC DUAL IN-LINE PACKAGES (Cont.) 








005 
MIN. 








SEATING 





PLANE 


009 : .090 

O11 — 160.110 + - 
3° 
13° 

125090 2 ail 016 NS 

150 10 .020 








Lie 





SEATING 











Lt Lae 
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PACKAGE OUTLINES (Cont.) 


HERMETIC DUAL IN-LINE PACKAGES (Cont.) 





SEATING 
PLANE 


.390 “200, & SEATING 
Do : ‘ PLANE 








SRE : 


325 045 =] 
150 (065, 





lan sol 016 
-|oso. 020 


D-24-SLIM - D-24-1 and D-24-4 


Coo SEATING 
o10 —>| Le “PLANE 


140 














Ta f We 


i 0 
.090 je 
pened c 016 


110 320 : -020 





TRANSPARENT 








SEATING 
an PLANE 


{020 


060 








PACKAGE OUTLINES (Cont.) 


HERMETIC DUAL IN-LINE PACKAGES (Cont.) 


008 MIN. : 100 
200 . » SEATING 


~  seatiINa_- | 
' F ] 
4 ow f 008 , 
3: 
i3 


016 
-~ 9 ~~” 


SEATING 





ie 
Na 
sg 


008 
O13 


|. 520. eee 
620 


ames 
8 i 


uw 
2 


SEATING 
PLANE 
008 


i / 


2.370 
~ 2.430 
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PACKAGE OUTLINES (Cont.) 


FLAT PACKAGES 

















ale 


i=} 
= 
© 


is a+ 


be BI 


275 
MAX. 


F-16-1 


920 

980 
245 
285 
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PACKAGE OUTLINES (Cont,) 


FLAT PACKAGES (Cont.) 












































ee 0 030 
— (060 
ae 
ae 





-700 
MAX 





F-48-2 

















MENA 























2B 


o 























—w{|-—— 2 
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PACKAGE OUTLINES (Cont.) 


HERMETIC DUAL IN-LINE PACKAGES (Cont.) 


D-52-3 








D-64-3 











PACKAGE OUTLINES (Cont.) 


SQUARE CHIP CARRIER FAMILY 





20 PLACES E 28 PLACES 
(5x 5) 7 (7x7) 








44 PLACES 660 : 52 PLACES 
(11x 11) E (13 x 13) 
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PACKAGE OUTLINES (Cont.) 


RECTANGULAR CHIP CARRIER FAMILY 


,18PLACES ~~ : : 28 PLACES 
(4x5) . (5x9) 








BOTTOM 


32 PLACES 
(7x9) 
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Glossary 


Acquisition Time (S/H) 
The time required for the hold capacitor to be charged to a 
percentage of full scale after the sample command is given. (us) 


Aperture Delay Time (S/H) 
The time elapsed between the hold command and the actual 
opening of the switch. (ns) 


Aperture Jitter (S/H) 
The variation in aperture delay time from sample to sample. (ps) 


Average Temperature Coefficient of Input Offset Current 
The ratio of the change in input offset current over the operating 
temperature range. (pA/°C) 


Average Temperature Coefficient of Input Offset Voltage 
The ratio of the change in input offset voltage over the operating 
temperature range. (uV/°C) 


Bandwidth ; 
The width of the frequency range at which the gain of the device is 
3dB below its maximum. (MHz) 


Bipolar Offset Error (ADC) 

Difference between the ideal (1/2FSR — 1/2LSB) and the ac- 
tual analog input level required to produce the major carry out- 
put digital code transition (from 01....11 to 10... .00). 


Clamped Output High Voltage 
The voltage necessary to turn on (forward bias) the clamping 
diode on the output pin. (V) 


Clamped Output Low Voltage : 
The voltage necessary to turn off (reverse bias) the clamping 
diode on the output pin. (V) 


Common Mode Gain 
The ratio of the output voltage change to the input common mode 
voltage producing that change. 


Common Mode Input Overload Recovery Time 

The time delay between the removal of an overrange com- 
mon mode input voltage, and resumption of normal device 
operation. (ns) 

Common Mode Input Resistance 

The value of resistance seen when looking into both 
inputs. (Q) 

Common Mode Input Voltage Swing 


The peak value of the common mode input voltage at which the 
device will operate in a linear fashion. (V) 


Common Mode Output Voltage 

The output voltage resulting from the application of a voltage 
common to both inputs, and the average of the two output volt- 
ages of a differential output amplifier. (V) 

Common Mode Rejection Ratio 

The ratio of the change in input offset voltage to the total change 
in common mode voltage producing it. (dB) 


Common Mode Voltage 
The arithmetic mean of the voltage present at the differential 
inputs with respect to the device ground reference. (V) 


Conversion Time (ADC) 

The measure of the length of time required by an ADC to ar- 
rive at the correct digital output code, measured from the clock 
edge that starts a conversion to the edge of the status line (CC) 
which signifies that the conversion is completed. (4s) 


Differential Input Bias Current 
The current required in the differential input stage into 
operation. (nA) 


Differential Input Capacitance 
The effective capacitance between the two inputs, with the 
amplifier operating in an open-loop configuration. (pF) 


Differential Input Impedance 
The impedance seen looking between the input terminals. (MQ) 


Differential Input Offset Current 

The difference in currents required by the transistors in 
the input stage to bias the input stage to its quiescent 
operation point. (nA) 


Differential Input Overload Recovery Time 
The time delay between the removal of an overrange dif- 
ferential input voltage, and resumption of normal device 
operation. (ns) 


Differential Input Resistance 

The effective resistance between the two inputs with the amplifier. 
operating in an open-loop configuration. (MQ) 

Differential Input Threshold Voltage 
The voltage difference between the + and 
guarantee the output logic state. (V) 


Differential Input Voltage Range 

The range of applied input voltage for which operation 
remains within specifications. (V) 

Differential Nonlinearity (ADC) 

The deviation between the actual code width of an ADC from the 
ideal code width. The code width is defined as the range of 
analog input value which produces agiven digital output code. An 
ideal value of a code width is equivalent to FSR/2", where nis the 
number of bits. 


Differential Nonlinearity (DAC) 
The maximum deviation of the analog output between any two 
adjacent output states from the ideal value. Converters with 
differential nonlinearity errors greater than +1LSB may still be 
monotonic. 


— inputs required to 


Differential Output Resistance 
The resistance measured between the two output termi- 
nals. (M2) 


Differential Output Voltage Swing 
The peak differential output voltage that can be obtained without 
clipping the output voltage waveform. (V) 


Differential Voltage Gain 

The ratio of the change in differential output voltage to the change 
in differential input voltage. 

Droop Rate (S/H) 

The rate at which the output voltage changes while in the hold 
mode.: Droop is caused by the capacitor being discharged 
through the buffer amplifier. (uV/us) ~ 

Enable HIGH 

The time required for the output to change from three-state 
high-impedance to HIGH after a control input change. (ns) 


Enable LOW 
The time required for the output to change from three-state 
high-impedance to LOW after a control input change. (ns) 
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GLOSSARY (Cont.) 


Equivalent Input Noise Current 

The input noise current that would reproduce the noise seen at 
the output if all amplifier noise sources were set to zero and the 
source impedances were large compared to the optimum source 
impedance. (pA/W/Hz) 


Equivalent Input Noise Voltage 

The input noise voltage that would reproduce the noise seen at 
the output if all amplifier noise sources and the source resistance 
were set to zero. (nV/VHz) 


Feedback Sense Voltage 
The voltage measured on the feedback terminal of the regulator, 
when the device is operating in regulation. (V) 


Frequency Response 

The width of the frequency range between the two points 
at which the gain of ‘the device is 3dB below its maxi- 
mum. (MHz) 


Gain Bandwidth Product 
The frequency at which the small signal AC gain of the device 
reduces to unity. (MHz) 


Gain Error (ADC) 

The difference between the analog input levels required to pro- 
duce the first and the last digital output code transitions. Gain 
error is a measure of the deviation between the actual gain and 
the ideal gain of FS-2LSB. 


Gain Error (DAC) 

The difference between the actual analog output range and the 
ideal analog output range. Gain error is expressed as a per- 
centage of full scale LSBs. 


High Frequency Current Gain 
The small signal AC current at a specified frequency. (mA/A) 


HIGH to Disable 
The time required for the output to change from HIGH to three- 
state high-impedance after a control input change. 


Hold Settling Time (S/H) 
The time required for the buffer output to settle within the 
specified accuracy band after the switch is opened. 


Hold Step Error 
The voltage step at the output of the sample and hold from sample 
mode with a steady ve analog input voltage. (mV) 


Hold Time 
The time a signal must be retained at one input after an active 
transition occurs at another input terminal. (ns) 


Hysteresis 
The voltage difference between the switching points of the de- 
vice. Also called Threshold Voltage. 


Inherent Quantization Error (ADC) 

Quantization Error is a direct consequence of the resolution of the 
ADC. All analog voltages within a given range are represented by 
a single digital output code. There is, therefore, an inherent 
+1/2LSB conversion error, even for a perfect ADC. 


Input Bias Current 
The average of the two input currents with no signal ape (nA 
or pA) 


Input Bias Current Drift 
The change in input bias current with temperature, supply volt- 
age or time. 


Input Capacitance 
The equivalent capacitance of either input with the other input 
grounded. (pF) 


Input Common Mode Voltage Range 
The range of common mode input voltage over which the device 
will operate within specifications. (V) 


Input Current at Maximum Input Voltage 
The current which flows when the absolute maximum 
allowed input voltage is applied to the input. (mA) 


Input Forward Current 
See Input LOW Current. 


Input Noise Voltage 

The rms noise voltage present at the amplifier output divided by 
the gain of the amplifier, measured with the inputs connected to 
ground through a low resistance. (nV/W/Hz) 


Input Offset Current 

The difference in current into the two input terminals with the 
output voltage at zero. In a comparator, it is the difference be- 
tween the two input currents with the output at the logic threshold 
voltage. Also, it is defined as the difference in input currents 
required to give equal output currents from a matched pair of 
devices. (nA or pA) 


Input Offset Current Drift 
The change in input offset current produced with time, voltage or 
temperature. 


Input Offset Voltage 

The voltage applied between the input terminals to obtain zero 
output voltage. In Comparators, it is the voltage applied to 
the input terminals to give the logic threshold voltage at the 
output. It is also defined as the input voltage differential re- 
quired to give equal output currents from a matched pair of 
devices. (mV) 


Input Offset Voltage Drift 
The change in input offset voltage with time, voltage or temp- 
erature. 


Input-Output Voltage Differential 

The voltage range between the unregulated input voltage and the 
regulated output voltage in which a regulator operates within 
specifications. 


Input: Resistance 
The equivalent resistance seen looking into either input terminal 
with the other terminal grounded. (MQ) 


Large Signal Voltage Gain 

The ratio of the output voltage swing to the change in input 
voltage. (V/mV) 

Line Regulation (PSC) 

The change in output voltage for a specified change in input 
voltage. (mV or %) 

Load Regulation (PSC) ; 

The change in output voltage for a specified change in load 
current. (mV or %) 

LOW to Disable. 


The time required for an output to change from a LOW-level toa 
three-state high-impedance after a control input change. (ns) 
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Monotonicity (ADC) 

Monotonicity is a property of the DAC within a successive ap- 
proximation (S/A) ADC. Each increment in the digital code to the 
DAC is translated into an analog output that is greater than, or 


equal to, that of the preceding code. Monotonicity of the DAC isa | 


necessary requirement for a S/A ADC to have no missing codes. 


Monotonicity (DAC) 

Monotonicity is a property of the DAC output whereby each 
increment in the digital code is accomplished by an analog out- 
put that is greater than, or equal to that of the preceding code. 
Monotonicity is usually expressed in number of bits. 


Negative Current 
Current flowing out of the device. (mA) 


Noise Figure 


The ratio of the input signal-to-noise ratio to the output signal-to-- 


noise ratio. Usually expressed as common log. (dB) 


1/F Noise 

The noise measured at a specified low frequency below the 
frequency range where the device noise spectrum is essentially 
flat. (nV) 


Nonlinearity Error (DAC) 


Maximum deviation from straight line drawn between the end ° 


points, zero and full scale outputs, expressed as a percentage of 
full-scale range or LSBs. 


Open Loop Voltage Gain 
The ratio of the output signal voltage to the differential input signal 
voltage, with no feedback applied. (dB or V/mV) 


Oscillator Pull-in Range 
The range of free-running frequency over which the oscillator can 
be locked to the incoming signal. 


Output Common Mode Voltage 
The arithmetic mean of the two output voltages for devices with 
differential outputs. 


Output Impedance 
The equivalent impedance seen {ooking into the output 
terminal. (Q) 


Output Leakage Current 
The leakage current into the output transistor at the specified 
output voltage for uncommitted or open-collector outputs. (4A) 


‘Output Noise Voltage 
The rms value of the noise voltage measured at the utpat with 
constant load current and no input ripple. (nV) 


Output Offset Voltage 
The voltage difference between the two outputs with both inputs 
grounded. (V) 


Output Resistance 

The small signal AC resistance seen looking into the output 
with no feedback applied and the output DC voltage near 
zero. For comparators, it is the resistance seen looking 
into the output with the DC output level at the logic 
threshold. (2) 


Output Saturation Voltage 
The DC voltage between output and ground when the 
device is in the saturated condition. (Vv) 


Output Short Circuit Current 
The current flowing out of an output when that output is short 
circuited to ground. (mA) 


Output Sink Current 
The maximum current into the collector of an open-collector 
device. (mA) 


Output Voltage Compliance (DAC) 
The voltage range over which a current output DAC can be 
moved and maintain specified accuracy. (V) 


Output Voltage Range 

The range of output voltages over which the specifications 
apply. (V) 

Output Voltage Swing 

The peak output voltage swing that can be obtained without 
clipping the output voltage waveform. (V) 


Overshoot 
The difference between the peak amplitude of the output. 
and the final value of the output divided by the output times 


- 100%. (%) 


Peak Output Current 
The maximum current delivered by the device for a period too 
short for thermal protection to be activated. (A) 


Phase Margin 
The difference between the phase shift at the frequency where 
the open loop gain equals unity and 180°. (°) 


Pulse Width 
The time between the leading and trailing edges of a pulse. (ns) 


Power Bandwidth 
The maximum frequency at which the maximum output can be 
maintained without significant distortion. 


Power Dissipation (Max) 

The maximum power that can be dissipated with a given heat 
sink. (mW) - 

Power Supply Current 

The current required from the power supply to operate a device 
with no load and no signal applied. (mA) 


Power Supply Rejection Ratio 
The ratio of the change in input offset voltage to the change in 
power supply voltage. (uV/V) 


Power Supply Sensitivity 
The ratio of the change of a specified parameter to the change in 
supply voltage. 


Propagation Delay 
The time interval between application of an input signal and a 
subsequent output change. (ns) 


Quiescent Current 
The amount of current drawn by a device with no signal applied to 
the input and no load. (mA) 


Quiescent Output Current 
The output current with no signal applied to the input. (mA) 


Reference (Control) Current 
The current drawn or supplied by the reference (canitrol) 
terminal. (A) 


-” Resolution (ADC) 


The number of possible analog input levels an ADC will re- 
solve. Expressed as the number of output bits, or 1 part in an 
where n is‘the number of bits. 
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Resolution (DAC) 

The number of states (2) into which the full scale range may be 
divided or resolved, where n = numbers of bits. Generally ex- 
pressed in number of bits. , 


Response Time 

The interval between the application of an input step function and 
the time when the output voltage crosses the logic threshold 
level. (ns) 


Reverse Recovery Time 
The time taken for the reverse recovery current to fall to a 
specified value after removal of the reverse bias. (ns) 


Ripple Rejection 
The ratio of the peak-to-peak input ripple voltage to the peak-to- 
peak output ripple voltage. (dB) 


Rise Time 
The time interval required for a signal to rise from 10% to 90% of 
its final amplitude. (ns or us) 


Sample-to-Hold Offset Error (S/H) 

The difference in output voltage between the time the hold com- 
mand is given and the time the output settles to its final value. Itis 
caused by charge injection from the switch to the capacitor during 
the opening of the switch. 


Settling Time 

The time from a step change of input to the time the corre- 
sponding output settles to within a specified percentage of the 
final value. (ns) 


Set-Up Time 

The time interval for which a signal must be applied and main- 
tained at one input terminal before an active transition occurs at 
another input terminal. 


Short-Circuit Current Limit 
The output current with the output shorted to ground. (mA) 


Short-Circuit Load Current 
The maximum output current which the device will provide into a 
short-circuit. ; : 


Slew Rate 
The maximum rate of change of output under large signal condi- 
tions. (V/s) 


Standby Current Drain 
(see Quiescent Current.) 


Storage Time 
The propagation delay due to stored charges within the 
device. (ns) 


Supply Current 

The current flowing into the supply terminal of a circuit with the 
specified input conditions and the outputs open. When not 
specified, input conditions are chosen to guarantee worst case 
operation. 


Supply Regulation 
The change in internal device supply voltage for a specified 
change in external power supply voltage. 


Supply Voltage 
The range of power supply over which the device is guaranteed to 
operate within the specified limits. (V) 


Supply Voltage Rejection Ratio 
See Power Supply Rejection. 
Switching Speed 

See Propagation Delay. 


Temperature Coefficient 
See Average Temperature Coefficient of specific parameter. 


Temperature Stability 
The percentage change in output voltage over a specified tem- 
perature range (V/°C) 


Threshold Voltage 
The input voltage required to force the output logic level to 
change state. (V) 


Toggle Frequency/Operating Frequency 

The maximum rate at which clock pulses may be applied to a 
sequential circuit. Above this frequency the device may cease to 
function. 


Total Harmonic Distortion 
The rms value of the harmonic content of a signal expressed as a 
percentage of the rms value of its fundamental. 


Transient Response 
The closed loop step function response of the circuit under small 
conditions. 


Unipolar Offset Error 

The difference between the ideal (+1/2LSB) and the actual 
analog input level required to produce the first digital code transi- 
tion (00....00 to 00....01) over the complete temper- 
ature range. 


Unity Gain Bandwidth 
The frequency at which the open loop gain is reduced to unity. 


» (MHz) 


Voltage Gain 

The ratio of the output.voltage to the input voltage under small 
signal conditions. For comparators, it is the ratio of the change in 
output voltage to the change in voltage between the input termi- 
nals, with the DC output in the vicinity of the logic threshold. (dB 
or V/mV) 


Zero Scale Error (DAC) 

The measured analog current or voltage output when the digital 
input code corresponds to an analog value of zero. Zero scale 
error is usually expressed in units of current or voltage. 
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DICE POLICY 


_ Advanced Micro Devices, interface and linear products are all available in dice form. 


ELECTRICAL CHARACTERISTICS 


Each die is electrically tested to the commercial or military grade DC parameters to 
guardbanded limits at 25°C to ensure performance over the temperature range. 


QUALITY ASSURANCE 


' All dice are glass passivated with only the bonding pads exposed to provide scratch 
protection. All dice are provided without gold backing. 


SHIPPING PACKAGES/ORDER INFORMATION 


All dice are packaged in containers with individual compartments which prevent 
damage to the die during shipping. 


Minimum order for AMD dice is 10 pcs. 
SPECIAL CHIP PROCESSING 


If there is a need for additional testing or processing, contact AMD for detailed 
information. ae 


See following pages on ordering information for detail ordering number. 
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ORDERING INFORMATION (0 to +70°C) 


Order Number 
Number* DIP DIP Chip-Pak Package 
Microprocessor Peripheral Conversion Products 
Ameooo [+ _Ameosooc—[Amanaopc —[ansoeouc | 
[ameoaon [= Amanaoabe | AnéoeoaPc | Améosonic 
ameces [Amuse | AmeoesPo [| 
PTameoaia [| Ambra | amaoeiaPo 
[ameose [~*~ Amboea06 | AmsneaPc | Aaneosaics | 
ames [A106 
area 
yee med 


Am6148 Am6148DC arr Am6148LC* 
Am6112 fF Am6112LC* Am6112XC** 
DAC-08CX 


Data Acquisition Products 
DAC-08CQ DAC-08CL 
DAC-08EQ DAG-08EL DAC-O8EX 
DAC-08HQ DAC-08HL DAC-08HX 
Am1408L8 Am1408N8 Lg 


Am6112DC 


Am1408 
SSS1408A 


Am2504 P Am2504DC Am2504PC 


$SS1408A-8Q 
$SS1408A-7Q 
$SS1408A-6Q 


Am1408L7 Am1408N7 

Am1408L6 Am1408N6 
[anasoade | anaioare 
[anasinero 
[Anaslnar> 


Am6070AXG 
Am6072XC 


Am25L02DC Am25L02PC 
’ Am25L03DC Am25L03PC 


Trastoioe [anasto [ 
aneowne fT 
Taneoroos fT 
fered 
ie 








Am25L02 
Am6014 


Am6070 





Am6070A Am6070ADC fe — asl 
Am6072 Am6072DC f=, oa 4 


*Availability of leadless packages for these devices will be announced. 
**Availability of dice to be announced. 





. 03770A-ANA 
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ORDERING INFORMATION (0 to +70°C) 























Order Number 





Device ‘Hermetic Molded Leadless Flat 
' Number* DIP DIP Chip-Pak Package 


Sample and Holds : 


LF198 LF398H pe ae LF398N LF398L* Ps LD398 
2 


Operational Amplifiers 


ee es 
ee 
po 


LH2108 | LHe 


Am686CN-1 
Am686 Am686HC Am686DC Am686CN Am686LC 


Power Supply Controllers : 


OO 








Am6301 Am6301DC Am6301PC 


*Availability of leadless packages for these devices will be announced. 
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ORDERING INFORMATION (~25 to +85°C) 









; Order Number 
Hermetic Molded Leadless Flat 
DIP DIP : Chip-Pak Package 
Data Acquisition Products 

Am6606 Amé6606DL-8 

Am6606DL-7 

' Am6606DL-6 Am6606XL-6** 

Am6688 Am6688DL-8 

Am6688DL-7 

Am6688DL-6 Am6688XL-6 | 


Sample and Holds 


Operational Amplifiers 
LM108 LM208H LM208D LM208L _, LM208F 


LM108A LM208AH LM208AD feos ey oe LM208AL LM208AF 








Device 
Number* 




























a 
Comparators 

ae rea 

eae ames 

fetes se 

aay 

air 














LM211L LM219F 





aneeva | ———~*d 
Oa 0 


Power Supply Controllers 


*Availability of leadless packages for these devices will be announced. 
** Availability of dice to be announced. 
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ORDERING INFORMATION (-55 to + 125°C) 


Number* DIP DIP Chip-Pak - Package 
Microprocessor Peripheral Conversion Products 
Am6108 | ametoecom = [sd Am6108LM* 


Am6148 Am6148DM A Sg Al Am6148LM 













Am6080LM 
Am6080ALM 


Am6082LM* 


Am6112 
Data Acquisition Products 
DAC-08 











Am6606 Am6606DM-8 


Am6606DM-7 








Am6606DM-6 


Am6606XM-6** 


Am6688XM-6 


Am6688 Am6688DM-8 
Am6688DM-7 


Am6688DM-6 


“Availability of leadless packages for these devices will be announced. 
**Availability of dice to be announced. 


ee es oe 

Oe rpxcowax | 
Ee a a ee a ee 
1508 

1508A 
OO 
Oe 
a 
2 
2 
a 
[aneorea [| anotanow [| Ameren | re 
[amore [ra [are 
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ORDERING INFORMATION (-55 to +125°C) ° 







Order Number 


Device Hermetic Molded Leadless Flat 
Number* _ DIP DIP Chip-Pak Package - 
Sample and Holds 


a 


Operational Amplifiers 












LF156 LF156H 
LD156A 


LH2108AF 


LM111L LD111 

LM119L. LD119 
LM139L LM139F ~ 
a 
a 
ee ae 
cor 


ee 
[panera [theron 
Comparators 
ee 
ee 
A698 
ee 
aneara || ABBA 
[| aso 


Power Supply Controllers ; 


Am6301 . ae Am6301DM 


> 
= 
a 
co) 
=] 





**Availability of dice to be announced. 
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World-Wide Advanced at 
Sales Micro 
Offices Devices 





Advanced Micro Devices maintains a network of representatives and distributors in the U.S. and 


around the world. For a sales agent nearest you, call one of the AMD offices listed below. 





U.S. AND CANADIAN SALES OFFICES 


SOUTHWEST AREA | 


Advanced Micro Devices 
360 N. Sepulveda, Suite 2075 
E! Segundo, California 90245 
Tel: (213) 640-3210 


Advanced Micro Devices 
10050 N. 25th Street 

Suite 235 

Phoenix, Arizona 85021 
Tel: (602) 242-4400 


Advanced Micro Devices 

4000 MacArthur Boulevard 

Suite 5000 

Newport Beach, California 92660 
Tel: (714) 752-6262 


Advanced Micro Devices 

5955 De Soto Avenue, Suite 241 
Woodland Hills, California 91367 
Tel: (213) 992-4155 


Advanced Micro Devices 
9455 Ridgehaven Court 
Suite 230 : 
San Diego, California 92123 
Tel: (619) 560-7030 


NORTHWEST AREA 


Advanced Micro Devices 
2700 Augustine Drive, Suite 109 
Santa Clara, California 95051 
Tel: (408) 727-1300 


Advanced Micro Devices 
1873 South Bellaire Street 
Suite 920 

Denver, Colorado 80222 
Tel: (303) 691-5100 


NORTHWEST AREA (Cont.) 


Advanced Micro Devices 
One Lincoln Center, Suite 230 . 


10300 Southwest Greenburg Road 


Portland, Oregon 97223 
Tel: (503) 245-0080 


Advanced Micro Devices 
Honeywell Ctr., Suite 1002 
600 108th Avenue N.E. 
Bellevue, Washington 98004 
Tel: (206) 455-3600 


MID-AMERICA AREA 


Advanced Micro Devices 
500 Park Boulevard, Suite 940 
Itasca, Illinois 60143 

Tel: (312) 773-4422 


Advanced Micro Devices 
9900 Bren Road East, Suite 601 
Minnetonka, Minnesota 55343 
Tel: (612) 938-0001 


Advanced Micro Devices 
3592 Corporate Drive, Suite 108 
Columbus, Ohio 43229 
Tel: (614) 891-6455 


Advanced Micro Devices 
8240 MoPac Expressway 
Two Park North, Suite 385 
Austin, Texas 78759 

Tel: (512) 346-7830. _ 


Advanced Micro Devices 
6750 LBJ Freeway, Suite 1160 
Dallas, Texas 75240 

Tel: (214) 934-9099 


MID-ATLANTIC AREA — 


Advanced Micro Devices 
40 Crossways Park Way 
Woodbury, New York 11797 
Tel: (516) 364-8020 


Advanced Micro Devices 
290 Elwood Davis Road 
Suite 316 

Liverpool, New York 13088 
Tel: (315) 457-5400 


Advanced Micro Devices 
2 Kilmer Road 

Edison, New Jersey 08817 
Tel: (201) 985-6800 


Advanced Micro Devices 

107 Lakeside Drive 

Horsham, Pennsylvania 19044 
Tel: (215) 441-8210 

TWX: 510-665-7572 


Advanced Micro Devices 

205 South Avenue 
‘Poughkeepsie, New York 12601 
Tel: (914) 471-8180 

TWX: 510-248-4219 


NORTHEAST AREA 


Advanced Micro Devices 

6 New England Executive Park 
Burlington, Massachusetts 01803 
Tel: (617) 273-3970 


SOUTHEAST AREA 


Advanced Micro Devices 
Parkway Center 

One Parkway Drive Building 
7257 Parkway Drive, Suite 204 
Dorsey, Maryland 21076 

Tel: (301) 796-9310 


Advanced Micro Devices 
7850 Ulmerton Road, Suite 1A 
Largo, Florida 33541: 

Tet: (813) 535-9811 


Advanced Micro Devices 
4740 North State Road #7 
Suite 102 

Ft. Lauderdale, Florida 33319 
Tel: (305) 484-8600 


Advanced Micro Devices 

6755 Peachtree Industria! Boulevard 
Suite 104 

Atlanta, Georgia 30360 

Tel: (404) 449-7920 


Advanced Micro Devices 

8 Woodlawn Green, Suite 220 
Woodlawn Road 

Charlotte, North Carolina 28210 
Tel: (704) 525-1875 


Advanced Micro Devices (Canada) Ltd. 


2 Sheppard Avenue East 
Suite 1610 

Willowdale, Ontario 
Canada M2N5Y7 

Tel: (416) 224-5193 





INTERNATIONAL SALES OFFICES 


BELGIUM 

Advanced Micro Devices 
Overseas Corporation 

Avenue de Tervueren, 412, bte 9 
B-1150 Bruxelles 

Tel: (02) 771 99 93 

TELEX: 61028 


FRANCE 

Advanced Micro Devices, S.A. 
Silic 314, Immeuble Helsinki 

74, rue d’Arcueil 

F-94588 Rungis Cedex 

Tel: (01) 687.36.66 

TELEX: 202053 


GERMANY 

Advanced Micro Devices GmbH 
Rosenheimer Str. 139 

D-8000 Muenchen 80 

Tel: (089) 40 19 76 

TELEX: 05-23883 


Advanced Micro Devices GmbH 
Harthaeuser Hauptstrasse 4 
D-7024 Filderstadt 3 . 

Tel: (07158) 30 60 

TELEX: 07-21211 


Advanced Micro Devices GmbH 


Zur Worth 6 

D-3108 Winsen/Aller 
Tel: (05143) 53 62 
TELEX: 925287 


HONG KONG 
Advanced Micro Devices 
1303 World Commerce Centre 
Harbour Cit 

11 Canton Road 

Tsimshatsui, Kowloon 

Tel: (852) 3 695377 

TELEX: 50426 

FAX: (852) 123 4276 


ITALY 

Advanced Micro Devices S.r.L. 
Centro Direzionale 3 
Palazzo Vasari, 3° Piano 

|-20090 M!2 — Segrate (Ml) 

Tel: (02) 215 4913-4-5 ~ 
TELEX: 315286 


JAPAN 

Advanced Micro Devices, K.K. 
Dai 3 Hoya Building 

8-17, Kamitakaido 1 chome 
Suginami-ku, Tokyo 168 - 

Tel: (03) 329-2751 

TELEX: 2324064 

FAX: (03) 326 0262 
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SWEDEN 

Advanced Micro Devices AB 
Box 7013 

S-172 07 Sundbyberg 

Tel: (08) 98 1235 

TELEX: 11602 


UNITED KINGDOM 

Advanced Micro Devices (U.K.) Ltd. 
A.N.D. House, 

Goldsworth Road, 

Woking, 


Surrey GU21 1JT 


Tel: Woking (04862) 22121 
TELEX: 859103 


01886B-CPi 








03762A-ANA 


/ 


ADVANCED 

MICRO 

DEVICES, INC. 

901 Thompson Place 
P.O. Box 3453 
Sunnyvale, 
California 94088 
(408) 732-2400 
TWX: 910-339-9280 
TELEX: 34-6306 
TOLL FREE 

(800) 538-8450 


LB-RRD-80M-5/83-0 


